Popular Astronomy. 


Vol. XXV, No. 8. OCTOBER, 1917. Whole No. 248. 


WHY THE AXES OF THE PLANETS ARE INCLINED. 


WILLIAM H. PICKERING. 


This question is constantly asked by students of astronomy, and the 
answer generally given is either that it “just happened so”, or else 
that “nobody knows.” In point of fact the answer is not very far to 
seek. Imagine a large revolving gaseous mass condensed towards the 
center. Recent observations seem to show that at least one of the 
nebulae revolves as one piece, as if it were a solid body, but in general 
there is no question but that in a loosely formed gaseous mass the 
outer portions will travel at a lower linear rate than the inner ones. Let 
Figure 1 represent such a condensing gaseous mass, with a huge con- 
densation at a and a relatively small one 
beginning to form at b. The shape of the 
latter is of no consequence, whether it is 
spherical from the beginning, or merely 
the portion of an arm of a spiral. In 
either case its outer portion revolves 
about a more slowly than its inner, as is 
indicated by the arrows, and if it finally 
condenses sufficiently to form an indep- 
endent body, revolving about @ in a 
positive direction, its rotation upon its 

Ficure 1. own axis will be negative, or as we usually 
describe it retrograde. 

If this is the method by which the planets were formed, which seems 
not unlikely, why is it then that their rotation is found to be direct 
instead of retrograde? In point of fact the rotation of the two outer- 
most is retrograde, as has been known theoretically from the direction 
of revolution of their satellites, for many years. Only recently this 
direction has been confirmed spectroscopically for Uranus at the Lowell 
Observatory,(Bulletin No. 53),and the period of rotation found, 10" 50”. 
This period has still more recently been confirmed by Mr. Campbell at 
Harvard, (Circular 200). 
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Owing to the rotation of the planets on their axes a daily tide will 
be produced on each of them by the sun, but this tide can have no 
influence whatever on the direction of the rotation of the planets. But 
besides this daily tide an annual tide is also produced, the effect of 
which in general, although very small, is to slow down the rotation, 
and finally to make each planet constantly present the same face to 
the sun. The slowing down process however is peculiar, and not at all 
what one would naturally expect. The simplest case to explain is that 
where the axis lies in the plane of the orbit, as is nearly the case at 
present with the planet Uranus (Figure 2). The effect of this annual 

< tide, which is shown by the two bulging lines, is to 

tend to cause the planet to rotate about an axis 

perpendicular to its orbit. This force or more strictly 

Fe speaking couple, acts continuously, and is indicated 

by the two short arrows. Its direction it will be 

noted lies at right angles to that of the couple pro- 
ducing precession. 

Owing to its rapid rotation on its axis, Uranus 
acts as a gyrocope, and refuses to shift its plane in 
the direction in which it is pulled, but does gradually 
yield in a direction at right angles to the pull. That 
is to say its axis of rotation cants over, so that 
instead of revolving as at present in a retrograde 

Ficure 2. direction, its axis will sooner or later lie exactly in 
the plane of the orbit. Instead of pole c being above the plane of 
the paper, it will coincide with it. Its inclination then instead of being 
98° will, become 90°. When this occurs we can no longer say that its 
rotation is retrograde any more than that it is direct. In fact it is 
neither one nor the other. 

But the process does not end here. After being reduced to 90° it 
next becomes 89°, and the direction of motion is now positive, i.e., the 
rotation is direct. It continues to decrease steadily as the centuries 
pass, and will finally become 0°, which is the stable inclination, and 
beyond which no change can occur. It will then be rotating on an 
axis exactly perpendicular to the plane of its orbit, and with a direct 
motion. This is the theoretical result that must necessarily occur, and 
the shifting of the plane of rotation can readily be illustrated practically 
by means of a gyroscope mounted within two rings, or a ring and a 
fork, under these circumstances a slight pull to one side on the end of 
the axle, or any friction introduced on the vertical axle of the fork, will 
correspond to the annual tide. 

In the case of the tide itself the pull is relatively very minute at 
present, but this was not the case when the planets were huge gaseous 
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masses. The inclinations of the outer ones are Neptune 145°, Uranus 
98°, Saturn 27°, and Jupiter 3°. The tidal pull increases very rapidly 
as we approach the sun, which is the chief reason that the inclination 
of Jupiter has now nearly reached its theoretical limit of 0°. While 
the original thin flattened solar nebula must have extended far beyond 
the present orbit of Neptune, the great swirl that ultimately developed 
into the planet Jupiter must for a similar reason have been at least 
thirty million miles in diameter, and its age must be reckoned in 
thousands of millions of years. The inclinations of the two small terres- 
trial planets, the earth and Mars, are both 23° and, doubtless owing to 
their small mass and consequent rapid cooling, they reached their 
present solid form before the tidal forces were able to complete their 
work. The diminution in their inclinations is still going on, but at an 
almost infinitesimal rate. 

But have we any other evidence that Saturn and Jupiter formerly 
rotated in a retrograde direction? In 1901 it was shown that Saturn’s 
ninth satellite revolved about the planet in a direction opposite to the 
revolution of all the other satellites, in short was retrograde. The 
explanation of this is clearly that when this outermost satellite was 
formed this was the actual direction of rotation of Saturn itself, and 
that, when by planetary inversion the planet later turned over, as above 
explained, and assumed a direct rotation, the inner and younger satel- 
lites were formed, and therefore revolve as we now see them.” An 
attempt has lately been made to explain this retrograde revolution of 
the outer satellites of Saturn and Jupiter by accidental capture from 
outside. This theory seems unnecessary since the case is entirely 
covered by the tidal theory. The latter is the only one, however, that 
has ever been offered, as far as the writer is aware, to explain the high 
inclination of the equator of Uranus to its orbit, and the successively 
diminishing inclinations of the equators of the four large outer planets 
of our system. Whatever therefore the explanation of the retro- 
grade revolution of their outer satellites may be, it is very certain that 
at an early date the direction of rotation of the four great planets 
themselves was retrograde. 


* Instead of planetary, this might perhaps more properly be called Polar Inversion, 
since the sun shows its influence as well as the planets. The sun's equator, as is 
well known, is inclined 5°.7 to the invariable plane of the solar system. For a 
proposed explanation of this phenomenon see H. A. 61, 363. Even the spiral 
nebulae, exhibit the same influence. When the main nebula has a companion, as is 
the case with the Great Nebula in Andromeda, N.G. C. 224, the plane of the latter 


is nearly always markedly inclined to that of the former. See also N.G.C. 4485 
and 4536. 
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THE OBSERVATORY OF SILLA, 


W. CARL RUFUS. 


The Observatory represented by the accompanying photograph 
(Plate XVII) was constructed in 647 A.D. We present its claim as 
the oldest structure extant and intact, built solely for the observation 
of the heavenly bodies. 

During the early centuries of the christian era, long before the nations 
of Europe were a reality or America a dream, the Three Kingdoms in 
the peninsula of Korea struggled for supremacy. Silla in the south- 
eastern part finally gained ascendency, chiefly through its peaceful arts 
rather than its military prowess. It cultivated the friendship of the 
powerful Tangs of the Celestial Empire and through this alliance its 
capital, Kyungju, became the seat of the highest civilization of ancient 
Korea. 

Among the present evidences of its former glory we find numerous 
artificial hills marking the royal tombs, extensive ruins of temples and 
palaces, a nine-storied pagoda in which Queen Sun Tuk kept her jewels, 
a massive semi-circular embankment called the Half-Moon Fortress, the 
royal ice-house, the celebrated pair of jade flutes, a bell twelve feet 
high, ornate roof and floor tiles and other choice specimens of plastic 
art. Above all towering amidst the present ruins stands the Astro- 
nomical Observatory, the best preserved of all her ancient monuments. 

According to the Mun-hun-pi-go, an authoritative Korean encyclope- 
dia compiled by order of King Chung Jong, the Observatory was 
constructed by Queen Sun Tuk during the sixteenth year of her reign, 
647 A.D. The findings of the Kyungju Historical Association confirm 
the date and history of the institution; so the time of its erection, its 
purpose and its use, are well authenticated. The site of the Observatory 
is one mile southeast of the present village of Kyungju, accessible by 
an automobile stage 40 miles east of the city of Taiku, which is on the 
main line of the Japanese Imperial Railway in Chosen about 200 miles 
south of Seoul. The photograph gives a good idea of its present appear- 
ance. Its symmetrical form built of well-dressed stone rises thirty 
feet high on a level plain. The round part, seventeen feet in diameter 
at the base and ten feet at the top, rests upon a square foundation and 
is crowned by a capital also square. Two layers of the foundation 
stone reveal a solid construction, as the upper layer entirely above 
ground is eighteen inches thick, the stones at the corners being six feet 
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square. The round part contains 27 layers of well-hewn stone about 
twelve inches high, and the capital two layers of equal height. The 
square portions were evidently intended to face the four cardinal 
points, although we cannot vouch for their accuracy, as the base is not 
exactly square. An open window or doorway on the south side, two 
feet five inches wide by three feet high, whose bottom is twelve feet 
above the foundation, affords an entrance to the tower, which appears 
to be solid from the base to this height either by construction or later 
filling, but is hollow like a well from this point to the top, excepting 
obstructions due to the long tie stones whose ends appear in the picture 
in the nineteenth layer of stone, and a flat slab, 5 ft.x2ft.x 10 in., near 
the top which covers half the well and apparently provided a platform 
for observational work. 

Formerly the top of the tower was held together and strengthened 
by the interlocking of the four long stones, 10 ft.x9in. x 12 in., forming 
the upper layer of the capital. One end of both of the tie stones, how- 
ever, has broken at the mortise and the ends have disappeared, leaving 
the top stones and the under layer of the capital stones, 10 ft. x 12in. x 
12 in., unbound, and the upper four rows of the round part loose and 
uneven, their wedge-shaped forms being spread apart unequally. 

At the time of our visit we scaled the exterior to the window, crawled 
thru, and climbed the rough interior to the summit, where the loose 
stones rocked and rattled with our movement, adding zest to our 
enjoyment. 

No inscriptions were found on any part of the Observatory; nor 
could we discover any marks or carvings in the stones at the top 
designed as footings for the temporary mounting of portable instru- 
ments, similar to those visible in the astronomical mount formerly 
located within the East Palace grounds in Seoul. No astronomical 
instruments of Silla have been recovered to our knowledge, excepting 
a quadrant of an old sun-dial, with a radius of one foot, now lying: in 
the open yard in front of the Kyungju museum. Our knowledge of 
the use of the Observatory, therefore, must be drawn entirely from 
history and from astronomical and meteorological records. 

From the day of Ki-Tze, 1122 B.C., great attention was paid to celestial 
phenomena by the sovereigns of the land. Indeed, special devotion to 
the duties pertaining to the heavens was a mark of royal virtue 
extending back to the days of Yao of China, 2300 B.C. King and 
peasant accepted the common belief that the faithful observance of 
astrological rites and ceremonies by the royal seers would be rewarded 
by peace and prosperity for the entire country, while negligence in 
these duties would be followed by some visitation of disfavor by the 
gods. Accordingly the king’s first responsibility was fidelity toward 
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heaven including the faithful observation of the celestial bodies in 
order that the people might enjoy a beneficent reign. A royal Astro- 
nomical Board early established was a permanent feature of all the 
dynasties that rose and fell. 

Even before the time of Silla solar eclipses were recorded, the first 
one well authenticated bearing the date 722 B.C. From 53 B.C. quite 
a complete record was kept and is preserved in the Mun-hun-pi-go. 
The motion of the moon and the planets was also chronicled. They 
noted the occultation of the brightest stars, the appearance of comets, 
visibility of Venus in the daytime, sunspots, meteors, clouds, storms, 
winds, earthquakes, floods, tidal waves, landslides, extreme temperatures, 
frost, dew, excessive rain and snow, and other. physical phenomena 
whose identity is difficult, such as black days, blood-red moonlight, red 
rivers and seas, strange rumbling in the heavens and earth, red streaks 
extending from zenith to horizon, a white bow in the sun, and falling 
stars fighting in the court yard. Miraculous portents were frequent 
and the hosts of heaven often took part in human affairs. Temples, 
altars and spirit houses dotted the land for the worship of heaven and 
earth and the celestial bodies. 

Quite natural it was that Queen Sun Tuk, rich, powerful and illustri- 
ous, should build a lasting structure devoted to the observation of the 
heavenly bodies and appoint a “Doctor of Astronomy” to direct the 
work of the Observatory. 

It would be very interesting to possess a program of the work of 
Silla’s Observatory, but we fear one will never be discovered. The 
original records seem lost beyond recovery. However, the second hand 
records of these early observations reveal the nature of the work. 

Mr. Hulbert, a sympathetic interpreter of Korean history and authority 
on many Korean subjects, suggests that the tower was used for celestial 
observations in the daytime, apparently thinking that the hollow tower 
used as a tube would render the stars visible from the bottom even in 
the presence of sunlight. We are convinced, however, that the tower 
was not designed for daytime observation. The field of view from the 
bottom, limited to a small zenith distance, would not command the 
ecliptic which contains the twenty-eight zodiacal constellations or 
“Lunar Mansions” so prominent in the astrology of the ancients. The 
rising, culmination and setting of these asterisms, one star of each 
marking the definitive point would be outside the field. Likewise the 
planetary orbits which were so closely followed would be invisible. 
Similarly the circumpolar stars paying reverence to the “Emperor of 
Heaven”, and the seven stars of the Dipper famous in all star lore 
could not be viewed; nor could they look with longing for the Old Man 
star of the south (Canopus), a glimpse of which insured a happy old 
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age. The tube is also partly obstructed by binding stones near the 
middle and by a flat slab near the top. The rough interior and the 
open window also testify against midday work. 

The stone platform at the top rather than a floor at the base of the 
tower was undoubtedly the goal of the observer, who climbed thru 
the open window as the setting sun announced the approach of the 
celestial hosts. There with the instruments of his invention he deter- 
mined the position of the moon from night to night as it leaped from 
mansion to mansion. There he observed the planets entering their 
various houses, that he might ascertain the will of the gods. There he 
watched the heliacal rising of the constellations to usher in the seasons 
of seedtime and harvest. He stood there in wonder as the Celestial 
Dog devoured the luminary during total eclipse, and remained there in 
awe and trembling when a speeding comet portended evil to the land. 
Evening found him there to bid farewell to the orb of day and to 
welcome the evening star; midnight found him there studying the 
unsolved problems of the sky; dawn found him there to welcome the 
morning star and to bid farewell to the setting constellation of the night. 

Among the early astronomical instruments used alike in China and 
Korea were the “transverse tube” and “turning sphere” mentioned in 
early literature. The first was a device evidently for determining the 
meridian altitude of a star, and the second was designed to assist in 
an explanation of the motions of the heavenly bodies. 

The Shoo-king claims that the Chinese, and consequently the Kore- 
ans, were acquainted with the 365'4-day year long before the time of 
Eudoxus, and in other sources we are told that they made records of 
sun-spots about 1300 years before Galileo. In the museum at Seoul may 
be seen various astronomical instruments, but they appear to be later 
than the time of Silla. These include an armillary sphere, a clepsydra, 
a sun-dial, a moon-dial or month measure, a marble gnomic plane, a 
brass astrolabe, and a marble planisphere with 1460 stars. 

The Mun-hun-pi-go contains a brief account of the status of astronomy 
at the time of Silla. “During the reign of King Hyo So the monk, 
To Cheng, went to the Tang country and returned with an astronomical 
chart which he presented to the king. The famous Tang astronomer, 
Lee Soon-pong, giving the chief facts concerning the heavens, taught 
that the heaven and earth are high at the mid-point and sloping on all 
sides. The sun and moon being alternately visible and concealed cause 
day and night. Bodies revolving about the north pole and always 
visible are said to be in the upper latitude, those revolving about the 
south pole are in the lower latitude, and those revolving around the 
equator are in the middle latitude.” The Silla monks, for the purpose 
of investigating and explaining the motion of the celestial bodies, made 
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an apparatus following the principles of the chart and showing the 
appearance of the heavens. From the description it appears that this 
device was a sort of armillary sphere which had an equatorial circle 
of 365 (possibly 36514) degrees, an axis inclined at 35 degrees to the 
horizon circle, and a movable indicator attached to the center of the 
sphere. Some of the parts were adjustable, others removable; but we 
are not prepared to give a full explanation of its use from the descrip- 
tion at hand. The clepsydra was used in Silla in the century following 
the erection of the Observatory. This instrument for time measurement 
was especially valuable for the astronomer working at night when the 
sun-dial was not available. 

As we stood on the tower at night and gazed at the heavens partly 
veiled by clouds, our mind went back to the men who stood there 
nearly 1300 years ago. We had no instruments with us but a small 
geomancer’s compass as we tried to get the bearing of the base, no 
invention excepting some sticks and cotton string as we tried to sight 
the polar star; and we stretched our hand across the ages and held 
these men in close companionship. Viewing the same heavens, facing 
the same problems, on common standing ground, we were one,—one in 
our desire to penetrate the vast unknown, one in our effort to peer into 
the great beyond,—and we felt as never before the unity of the human 
race. We are still waiting for enlarged vision and for the clouds to roll 
away. Sometimes we obtain a deeper insight as a Copernicus explains 
the mysteries of the universe; sometimes we get a clearer view as a 
Galileo brings the heavens nearer to our sight; sometimes our horizon 
is enlarged as a Newton dispels the clouds and reveals a new realm of 
light. Still we face the great unknown, and in spite of man’s ingenuity 
in building large observatories and equipping them with the powerful 
instruments of modern times, the inscrutable heavens refuse to give up 
their last ray of light. 

In the meanwhile time has wrought marvelous changes in the works 
of man. The Observatory of Silla, once the proud production of the 
hand of man, surrounded by the splendor of a rich and illustrious 
court, now stands a mere monument among the desecrated tombs of 
ancient royalty overlooking the ruins of a decadent race. The faithful 
stars in the heavens still shine with undimmed lustre and the planets 
continue to revolve in their prescribed orbits, but the star of Silla has 
set and her people have run their course. 

Perhaps some poems bearing upon the Observatory will fittingly 
express our emotion as we muse upon this survival of the civilization 
of ancient Silla. Three post-Sillan poems were found in one of the 
volumes of the Kyungju Historical Association kindly loaned to us 
through the favor of Mr. Yang Hung-mook, the magistrate of Kyungju. 
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In the translations we have tried to interpret the spirit of the poems 
rather than the mere flesh and bones. 

An Took, the author of the first poem, was a famous poet and scholar 
of the fourteenth century, but for some reason he did not occupy any 
official position. The writer of the second, Chyeng Mong-ju, was a 
famous official of the first rank and the last great patriot of the Koryu 
dynasty, whose blood was shed through treachery and may still be seen 
according to popular belief in the red spots of the stones of Blood Bridge 
near Songdo. The author of the last, Mai Kei-cho, was a prominent 
official of the fifteenth century, who met with disfavor and was ban- 
ished to the island of Wee Ju. In the lives of these men as well as in 
the pathos of their poems we may read the tragedy of a race once 
branded the Hermit Nation but now called Chosen, a province of the 
Empire of Japan. 


Sitia’s Star Tower. 
AN Took. 

Tho Silla’s grandeur rose to mountain height 
And fell beneath the crushing weight of time’s 
Unending change, her Tower stands. It cleaves 
The blue, where once her royal sages peered 
To read a message in the sky and bring 
A boon to earth. 
Alas! Alas! Who comes to fill their place? 
We cry in vain. . 


THe OsservaTory. 
CHYENG Monc-Ju. 

Beneath the Half-Moon Fortress, near Kei-rim’s stately wood, 

Where chimed the Jade Flute music, th’ Observatory stood. 
It witnessed Silla’s glory; whose history and lore 

Shall sing the nation’s honor till time shall be no more. 
Today o’er hill and valley there comes a mournful sigh: 

The lonely Tower murmurs, “I grieve for days gone by.” 


Sitia’s OpservaATory. 
Mat KEI-cHo, 

The site of Silla’s glory, her palaces and halls, 

Her temples, grand, majestic, with ornate roof and walls, 
Her battlements and statues widespread o’er hill and plain, 

Lie hid in dismal ruin, ‘neath shroud of grass and grain. 
Yet o’er departed grandeur a sentinel stands true; 

Unchanged by changing ages, it links the old and new. 
Its rock-bound feet are planted beneath earth's yellow loam; 

Its star-crowned head is circled by heaven's broad blue dome, 
Its deep-set base so mighty, its granite crown so high, 

It forms a lasting structure, it links the earth and sky. 
Thrice happy ancient Silla, the land that gave thee birth! 

The land that honored heaven and owned its rule on earth! 
The faithful constellations and wandering planets all 
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In measured orbits traveled before thy monarch’s fall. 
The smallest star-lit cruiser that sailed the sky of blue 

Was ordered by thy captain and guided by thy crew. 
So peace and plenty caroled within each cottage door, 

While seasons in succession heaped wealth in Silla’s store. 
Celestial gods delighted to aid her heroes bold; 

While poets, priests and sages, massed wealth unmatched by gold. 
Alas! Her day has vanished, her swords have turned to rust, 

Her palace walls and temples lie mingled with the dust. 
Her choicest wall engravings, her pottery and tiles, 

Her sacred books and treasures, are scattered weary miles. 


Amidst this desolation the Tower sends a beam 

To flash through earth's dark midnight a ray of light supreme. 
My life is far too fleeting to give sufficient praise ; 

So tears shall be my tribute and grief shall end my days. 


R. M.S. Monteagle, en route to America. 
July 24, 1917. 


THE BIRTH OF A PLANET—II. 
New Light on an Old Subject. 


N. JOHANNSEN. 


[Continued from page 435.] 


Six points of attack against Laplace's theory have been disposed of 
in the previous article. Two more of them, really the most important 
ones, remain to be discussed, namely, those concerning the kinetic 
theory of gases and the moment of momentum. Unless Laplace's theory 
be vindicated against these alleged shortcomings, my conception of the 
genesis of planets could not stand. 


Objection No. 7. “According to the kinetic theory of gases, the 
planets, if forming in the shape of separate spheres of glowing 
gases, would not possess gravitation enough to retain their gases. 
These would dissipate into space.” 


We must not overlook that the kinetic theory is nothing but a theory 
—based on assumptions which are nicely figured out by excellent 
mathematics, and would be right provided the starting points, the 
primary assumptions, are everywhere tenable, not only under ordinary 
conditions but under extremes of cold, or of heat, or of tenuity, even 
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under strong electrical or other influences, and even under the (possibly ) 
restraining influence of the ether which fills space. While this strange 
substance, ether, allows solids, even down to the smallest cometary 
dust, to pass at tremendous speed, without the least hindrance, it seems 
to act differently in regard to the kinetic action of gases. Nebulae 
have been found which consist of glowing seething gases, moving with 
velocities of hundreds of miles per second, and they do not seem to be 
losing but rather gaining in substance. As all nebulae consist of highly 
attenuated matter and as at their outskirts the centripetal force, the 
gravitation, is exceedingly small, the kinetic principle should make 
their outermost particles dissipate into space, but they do not do that. 
The combination of great heat, great tenuity, and lack of gravitation 
does not do it. On the contrary, kinetic dissipation seems to become 
more active on the part of gases surrounding cold solids. The moon, 
for instance, has lost its atmosphere, though at the time of its birth it 
no doubt took along, from the parent mass, a large share of gases such 
as form our atmosphere. Apparently it was then able to retain them, 
despite great heat, large bulk, and feeble attraction; but lost them 
while cooling down. 

Be this as it may, the kinetic theory of gases is not far enough 
advanced to cover the last conclusions, or to act as a reliable guide in 
studying the genesis of planets. Admittedly it has its shortcomings. 

Suppose that planetesimals were forming on the periphery of the 
solar nebula—should their substance dissipate, though it did not while 
still a part of the parent mass? And where the embryo planet possesses 


more force of gravitation, more attraction, than the periphery ? 
Hardly. 


Spiral nebulae are thought to be worlds in the making, and justly 
so. The sky is studded with them. Have they been in existence since 
eternity? No, they came into being at some time, and undoubtedly 
they commenced their career on a small scale, as a small local accu- 
mulation of nebulous or gaseous matter. According to the kinetic 
theory of gases (as it now stands) this would be impossible—and there 
we arrive at a conflict of the theory with the actual facts. According 
to the theory small-sized bodies, even up to the size of the moon, can- 
not retain any gases, the latter striving away and dissipating into space, 
whereas the formation of spiral nebulae proves that, under special 
conditions unknown to us, this “striving away” tendency of gaseous 
matter does not hold good for these spirals, neither when they com- 
menced their career on a small scale, nor later on. So there is a 
limitation to the theory. 
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Objection No. 8. “An enormous discrepancy is found in the 
‘moment of momentum’ (the power represented by the total 
amount of rotation in the solar system) when comparing it with 
what it should be if Laplace's theory is correct.” 


Objection No. 9. “Jupiter's rotary momentum amounts to 95 
per cent of the total ‘moment of momentum’ within Saturn's orbit 
At that, Jupiter has only the thousandth part of the mass of the 
sun and the planets within that orbit. Could the sun, at a single 
moment, part with so small a fraction of its mass,which yet carried 
away almost all of its rotary force? This is incredible.” 


* Objection No. 10. “Phobos, the inner satellite of Mars, and like- 
wise the innermost of Saturn’s rings, move more quickly than their 
planets rotate. This would be impossible if they really had emerged 
from their parent planets. It should be the reverse.” 


All of these three objections are met by a point which seems to have 
been entirely overlooked by the astronomic world: the great loss of 
rotary force caused by friction and hindrance due to convection cur- 
rents within the sun. Astronomers assume the rotary force to be 
indestructible, claiming this to be one of the best established principles 
of dynamics. This assumption is not correct. By means of those 
convection currents the force may be changed into heat, and the heat 
radiated into space—then the rotary force, as such, does not exist any 
more, and the rotation will become slower in proportion as that force 
wastes away. 

This has nothing to do with the tides, whose influence would be 
quite insignificant and negligible for the sun—though of great moment 
for the moon, whose rotary force was almost entirely annihilated 
thereby, long before it became covered with a solid crust. The sun's 
rotary force was not absorbed by external influences, like the tides, 
but by internal currents and the friction and disturbance caused 
by them. 

Two powerful forces, working contrary to each other, have played 
their part in determining the speed of the sun’s rotation—shrinkage on 
the one hand and interior currents on the other—the one accelerating, 
the other retarding it. In bygone ages the former prevailed, nowadays 
the latter. When the solar nebula extended to Neptune’s orbit, forming 
a mass of excessive attenuation, the radiation then going on, especially 
from the outskirts, must have had a strong cooling effect (where the 
outskirts, almost bodyless, had very little potential heat within them 
to keep up radiation) so the shrinkage went on fast, therewith the 
acceleration, and the rotation increased sufficiently to throw off ring 
matter and form planets. Today, however, the shrinkage has become 
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very slow, so the accelerating principle has almost died out, and the 
retarding principle, due to interior currents, has by far gained the 
upper hand. When the last planet formed, Mercury, the sun’s periphery 
moved with a speed of 2,500,000 miles a day; at present with only 
120,000 miles. The enormous shortage has all been changed into heat 
and radiated into space, together with the tremendous amount of 
inherent heat which the sun sends out day after day. 

Now let us consider the question, how does this interior friction 
affect rotation? Why should it stop the latter, or reduce it? Would 
not the interior currents, and the friction caused by them, go on even 
if the sun did not rotate at all? 

Surely they would, but there would be no /ateral currents, such as 
affect rotation. In a non-rotating sun we would have vertical convec- 
tion currents, carrying the interior heat tothe surface. In the rotating 
sun we have, in addition, the lateral deviation of these currents, owing 
to the change of angular velocity. Owing to this, a current rising from 
near the center will not move straight up, but will be deflected side- 
ways, taking the course of a spiral, and reaching the surface only after 
a much prolonged journey. It takes part of the sun’s rotative force to 
impart that lateral course to a current. True, this force is largely 
restored when that current returns from the surface—but minus the 
friction. In addition to this friction there are numberless /ateral 
clashes between rising and descending spiral currents: these clashes 
produce heat—evidently at the expense of live force—the very force 
which is needed to keep up rotation. The friction and clashes caused 
by the /ateral deviations affect the rotary force; and, in turn, these 
lateral deviations would not exist without rotation. The said change 
of angular velocity has nothing in common with the tides, except that 
both cause lateral movements, and that both tend to annihilate the 
force which creates them. If the /atera/ currents in the sun’s interior 
could proceed without friction or impact, they might not pirate on the 
sun's rotative force; but they cannot do that, any more than the tides 
can go on without friction. 

The case of the planets, when they are still in their gaseous or liquid 
state, was very much the same. Much of their rotative force was 
changed into heat, owing to interior /atera/ currents, and in consequence 
their equators now turn more slowly than their inside moons—or, in 
Saturn’s case, more slowly than his rings. Jupiter’s great store of 
“moment of momentum” can be explained on the same principle; it 
amounted to only an insignificant fraction, and not by any means to 
95 per cent of the whole rotary force originally inherent in the solar 
nebula, when Jupiter was born; but in the meantime the sun’s store 
of rotative force has dwindled away to almost nothing, so the small 
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balance of the original grand total remains principally with the planets, 
and no wonder that Jupiter, the giant planet, now owns the bulk of it. 
To the expert astronomer, who for a lifetime has been accustomed 
to consider the constancy of rotary force a well established fact, the 
above conclusions may seem erroneous. As that constancy holds out 
for solid rotating bodies, it was assumed that for gaseous or liquid 
bodies it would hold out as well, unless interfered with by outside 
disturbance, the effects of any internal currents being assumed to 
neutralize each other. That such is not the case, however, and that 
the rotation of a liquid body may slacken without the application of 


outside force, merely by the creation of interior currents, can be proved 
by experiment. 


To this end a rotating drum, Figures 4 and 5, will answer. It is 
filled with water, a, which is heated from the center by the electric 
coil c, and cooled at the periphery by cold water running down the 
peripheral groove i m, from the flat water spouts 9, 7, these of a section 
as per Figure 6. The drum’s size may be two inches inside by 15 
inches; the rim i to be a good conductor of heat, say, thin copper 
sheeting; the sides m of non-conducting material. The flow of water 
from o and r to be very uniform, so much weight per minute for all 
experiments; and the shafts w and x working very freely in their 
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bearings. The frame work is not shown, nor is the “compensator”, an 
appliance intended to furnish motive power to the drum to exactly the 
amount used up by outside friction or other outside hindrance. 


F1g.6 


Fig.5. 


Suppose this compensator is connected and that it supplies ten units 
of power per second to the drum; then the latter will commence to 
turn, and increase its rotation until the friction exactly counterbalances 
the ten units. Taking note of the speed after the rotation thus has 
become steady, and repeating such trials with 9, 8, 11, 12 etc. units of 
power, a very exact guide scale can be attained. If, on a subsequent 
experiment, the operator adjusts the compensator to ten units, and the 
speed of rotation corresponds to only eight units, he knows that two 
units are being absprbed by interior currents. For the preliminary 
trials the water in the drum should be hot, and equally hot should be 
the water supplied by the spouts o and 7; then no interior currents 
will exist in the drum, and the compensator will clearly indicate outside 
friction or hindrance. 

Experiment No. 1. Spout o throws ice-cold water into the left of 
groove or gutter i m, spout 7 hot water on the right side, the water in 
the drum being hot, and the drum at rest. The chilling effect will 
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make the water inside the drum heavier on the left side than on the 
right, so the whole mass of water, a, will be pushed into rotation as 
shown by the arrows, and gradually the rotating water body will push 
the shell along and make the drum also rotate—especially if the inside 
surfaces are roughened, so that the water’s motion may be more readily 
communicated to the shell. 

Here the rotation is started without the help of outside force, merely 
by the application of heat and cold. The principle causing this rotation 
may have something to do with the primary cause of rotation on the 
part of suns. Look at the Trifid nebula, which is breaking up into 
pieces, the inner side of each piece being kept hot by the adjoining 
pieces, while the outer side is exposed to the chill of extremely cold 
space. A rotary movement is likely to ensue. 

Experiment No. 2. If both spouts, o and 7, throw out cold water, no 
rotary action will develop. The coil ¢ will heat its case s, and the 
case will heat the water surounding it, sending it to the top, where it 
will spread to the right and to the left. When chilled at the cold 
periphery, two currents will form, descending on the cold sides and 
rising at the center of the drum, and their opposite tendencies will 
leave the drum stationary. Not only can no rotary action develop, 
but if any were existing it would be killed, as shown in: 

Experiment No.3. Suppose the drum now be set going, by the 
operator's hand, at the rate of one turn per second and the compensator 
adjusted to that speed, so as to precisely counterbalance the external 
friction due to that speed, and leave the influence of interior currents 
open to view. The hot water rising from s cannot flow straight up to 
the top (as in the stationary drum) but is deflected sideways, to the 
left, owing to the change of angular velocity. Presently the drum’s 
rotation will slacken somewhat, and when adjusting the compensator 
to the reduced speed, the latter will again slacken, showing a steady 
tendency of the rotative force to subside. 

This tendency results from two causes: first, the deflection of the 
rising current takes some power which necessarily must come from 
the rotative force of the water body a, and though the force thus lost 
is largely restored by the counter flow of peripheral a water toward 
the center, there is, at /east, the friction to come off, precisely as in 
the sun. Second, if the hot rising currents are deflected to the left, this 
left side will be warmer and therefore lighter than the right side—a 
fact which likewise tends to counteract rotation. This second effect, 
the “dragging effect,” may not exist on the sun, where the center of 
gravity lies right within the rotating body, and not far below, as with 
the rotating drum. It may be claimed that this dragging effect is the 
only cause of the subsidence of the drum’s rotation. To eliminate this 
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effect from the experiment and single out the value or extent of the 
element of friction, the apparatus must be given a different shape—not 
an upright drum, with currents worked by heat, but a horizontal drum, 
where they are propelled by a mechanism, as per Figure 7. Inasmuch 
as the propelling mechanism must in no way touch the drum, it prac- 
tically should make no difference whether the currents are produced 
by interior heat or by outside force, the “friction effect” being the same 
in either case, and the only object being to establish this friction effect. 

In Figure 7, the rotating drum 2, filled with water, a, is supported by 
the pivot bar 5, with pointed end, and held in position by the frame d. 
Teeth f surround the drum; and an adjustable mercury jet, playing 


R 


a 
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against them at some one place, acts as a compensator. A cylinder g 
is inserted into and fastened to the drum, with two holes, A, on opposite 
sides. This cylinder contains the mechanism (without touching it), 
namely, two fans, /, revolving within the said holes A, mounted on one 
shaft, the blades being set to propel the water in opposite directions as 
shown by the arrows. The fan shaft is held in place by two uprights, 
p, and revolves in holes within these uprights. It carries a sprocket wheel 
t, actuated by the perforated belt y. The mechanism / p ¢ y, must be 
arranged to always rotate as a whole, precisely as fast as the drum 
(details not shown) so that the fans / will not touch the sides of the 
holes they move in. 

If the drum is set in motion by the hand of the operator, so as to 
turn once a second, and the compensator adjusted to compensate for 
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all outside friction or hindrance due to that speed, the drum will keep 
on spinning steadily. If then the fans are set going, its rotation will 
gradually slacken, showing that the friction caused by interior currents 
absorbs the rotary force. It does so in the experimental drum, and 
does so in the sun. 

Can we take it for granted that this experiment will prove what it is 
intended to prove? The point may be raised that its effect in killing 
rotary power is due entirely to the application of outside force and 
that such is not in operation around the sun; that outside forces, for 
instance the tides, are well known to reduce or kill rotation, but that, 
around the sun, we have no such force, at least none worth speaking 
of. In reply will say, the outside force employed in experiment No. 4 
is only intended to create currents inside the drum, the same kind of 
currents which in the sun are created by radiation; that the experiment 
is only to prove that such interior currents are able to reduce rotation 
(transforming angular momentum into heat); and that if the interior 
currents have this effect in the drum they must have this effect in 
the sun. 

Another point (supplementary to the chief point already mentioned): 
Currents always cause friction (which is transformed into heat) and 
this friction always reduces the momentum of the currents. The source 
of energy which impels a current must supply not only enough energy 
to give the current its velocity, but additional energy to make up for 
the friction, and this additional energy the “friction energy” eats up the 
sun’s angular momentum. At first sight it may seem that this friction 
energy should come from the same source in the rotating sun as in the 
non-rotating sun. But mark the difference: In the non-rotating sun 
the friction takes place between the rising hot and the descending cold 
convection currents, these currents being due to the momentum im- 
parted to them by the difference in gravity between the hot and the 
cold currents. Part of this momentum, imparted to the currents by 
the difference in gravity, is lost by friction and rechanged into heat. In 
the rotating sun, however, with its lateral currents, these currents 
derive their /ateral momentum from an entirely different source, 
namely, from the sun’s rotary force, part of which momentum is like- 
wise absorbed and changed into heat. These lateral or spiral currents, 
in fact, derive their momentum from two sources—their vertical mo- 
mentum from the same source as do the convection currents in the 
non-rotating sun, but their /ateral momentum from the sun’s rotary 
force. Could the friction of the lateral currents be avoided, the lateral 
momentum would be saved, partly at least, inasmuch as the lateral 
momentum originally imparted to the one current, A, would subse- 
quently be transferred to the current B, whenever A’s energy gradually 
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subsides and B gradually starts. Part of the energy thus transferred, 
however, is always absorbed by friction, and this part, the “friction 
energy,” cannot be saved, being transformed into heat and radiated. 
This friction energy, therefore, must be steadily replaced by the rotary 
force which it came from originally, and in consequence this rotary 
force will gradually be used up. 

Thus the loss of angular momentum can be substantiated not only 
by the experiments stated, but by reasoning as well. 

To the expert astronomer it may seem difficult, even with the 
evidence given by these experiments, to believe that rotary foree should 
wane from mere interior friction. He will hesitate to give up the view 
now ruling “that angular momentum is something quite different from 
energy, and cannot be converted into heat.” As a matter of fact, how- 
ever, angular momentum, whether in the flywheel, or in the sun, or in 
the experimental drum, is only a special form of energy, and can be 
converted into heat the same as other energy. It may seem incredible 
that this subtle agency, the friction caused by interior currents, should 
have absorbed the vast stock of momentum originally vested in the 
solar nebula, but the rate of absorption grows with the size of the 
rotating body—it is insignificant in the experimental drum, but of 
tremendous extent in a revolving planetary nebula, like Jupiter's, and 
again incomparably larger in the sun. Owing to the immense size of 
the sun the interior currents areextremely powerful, and therewith also 
internal friction and the consequent absorption of rotary force. But 
still more powerful have these interior currents been in past ages, when 
the sun's rotation went on much faster, so much so that at the time of 
Mercury’s birth the periphery moved twenty times more quickly than 
today. The friction effect will increase the greater the mass and the 
quicker the rotation, and inversely it will decrease with the decrease 
of rotation. At present the sun’s moment of momentum is not one 
twentieth that of Jupiter, though originally it was a thousand times 
greater. In the course of many hundreds of millions of years the 
steady absorptive activity of the friction effect has annihilated almost 
the whole of it. 

The disproportion of the sun’s rotary momentum as against that of 
Jupiter is thus explained, also Objection No. 8, and these, the most 
formidable objections to Laplace's theory, prove as little tenable as all 
the others. So this theory—with only the change as to the method of 
the “Birth of Planets”, exhibited in the previous article—ought to be 
restored to its former fame and stand as strong as it ever did. 

For the genesis of suns, of solar nebulae, we most likely have to look 
to the spiral nebulae, of which we find many thousands in the skies. 
But for the genesis of our planets we do not need them—the Laplacian 
theory, slightly amended, as is done in these pages, covers the ground. 
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THE AMERICAN EPHEMERIS TABLES OF THE TIMES OF 
RISING AND SETTING OF THE SUN AND 
THE MOON.*—A REVIEW. 


ALBERT 8S. FLINT. 


Tables of the times of rising and setting of the sun and of the moon 
have been published in recent years by two of the leading govern- 
ments of the world in their annual volumes of astronomical ephem- 
erides, and now the American Ephemeris falls into line beginning with 
the volume for 1919. But these tables had been prepared also for the 
years 1917 and 1918 and are made available in the present pamphlet. 
It would seem desirable, however, to continue the separate in future 
years for the sake of more general distribution and for the benefit 
of those who are afield or at sea without apparatus for determining 
time and who have need to know the time only approximately. 

These are the most comprehensive tables of the kind that have been 
published, so far as the writer knows. The French government has 
been publishing such tables for the sun and the moon, but only for the 
station at Paris. The German government gives them for the zone 
50° to 55° north latitude and for the meridian of Berlin. But the 
American tables extend from the equator to 60° north latitude for the 
meridian of Greenwich; and by means of supplementary tables or 
brief instructions the same tables are made applicable to the corre- 
sponding south latitudes as well. Thus the times of these phenomena 
can be determined at any date for any place which expeditions are 


* Tables giving the Times of Rising and Setting of the Sun and Moon, 1917 
and 1918. Supplement to the American Ephemeris, 1917. Washington, 1917. Price 
fifteen cents. Government Printing Office. 

(Three tables for each year.) 

TABLE I. Local Astronomical Mean Time of Sunrise, Meridian of Green- 
wich. (A second division of the table follows for Sunset.) 

TABLE II. Sunrise and Sunset for Southern Latitudes. (This table consists 
of two columns of dates and one column of correction numbers due to the changes 
in the equation of time). 

TABLE III. Local Astronomical Mean Time of Moonrise, Meridian of Green- 
wich. (A second division of the table follows for Moonset.) 

Instructions and the statement of an example accompany each table. 


The times in all of the tables are given in hours and whole minutes for every 
day in the year. 
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likely to reach and for which the times are capable of convenient 
determination. In this connection the writer would suggest two slight 
additions to the data given for the moon, in the case of the separate 
publication only, and these are the Greenwich times of the phases and 
in case of a total eclipse the times of the contacts with the deep 
shadow. These eclipses are very dark sometimes and the sky thick. 
The story goes that the late Lord Kitchener while in the Soudan, made 
an indignant protest once to the home office that when he arose and 
looked for the moon, which should be near setting, there was no moon 
there. The reply came from London that the moon was in total 
eclipse at the time. 

There is still lack of unanimity among the authorities as to whether 
sunrise and sunset occur when the center of the disk or when the 
upper edge is on the horizon. In the case of the moon all agree to 
adopt the position of the center on the horizon. In the French 
Ephemeris it is stated that its times are for the center of both sun and 
moon. In the German and American volumes there is no statement 
as to this, but the tables will be found to apply to the upper edge of 
the sun and the center of the moon. This seems in agreement with 
the ordinary view. 

There is always considerable popular interest in the times of rising 
and setting of the sun and the moon; and occasionally courts of law 
call for the somewhat exact determination of the time in the case 
of the moon. An official publication, like the present tables, would 
present acceptable evidence otherwise not so easily obtained in gen- 
eral. The professional astronomer may look askance at the introduc- 
tion in the Ephemeris of tables for ascertaining the time when any celes- 
tial object rises or sets. But if we turn the matter around, it presents 
an aspect that makes the innovation more justifiable. Theoretically, the 
observation of the contacts of conspicuous celestial objects, like the 
sun and the moon, with the local great circle the visible horizon, is an 
excellent means of determining one’s local time. It requires no 
apparatus and no data except the predicted time of the phenomenon 
and the observer's approximate position, which may be determined 
ordinarily from a map. Thus the soldier at some distant outpost or 
the explorer may have an independent and simple means of determin- 
ing his time with all needful accuracy. Were it not for the uncertain- 
ity of the refraction and the deviations of the visible horizon from the 
true horizon, such observations would serve to determine the time 
within one or two seconds. Or, in the case of the sun, if one can 
retain practically the same horizon from day to day, even if it does 
not coincide very closely with the true horizon, observations of the 
times of sunrise or sunset furnish a very good control on the rate 
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of a time-piece. By the sea or in a low, flat country the accuracy 
would of course be far greater, especially through intervals of several 
days, if meteorological conditions remain nearly the same. But a 
moderate change in these affects the time of sunrise or sunset to a 
considerable fraction of a minute. For example, a rise in the temper- 
ature of 20° together with a fall in the pressure of 0.5 in. affects the 
time by about one-third of a minute at north latitude 40° at the time 
of the summer solstice. 

The principal tables, Table I and Table III, for the sun and the moon 
respectively, are made up in the same form; but their application at 
stations in south latitudes is made differently. 

In the case of sunrise or sunset at a station in south latitude the 
reader is instructed first to obtain the time, of sunrise for instance, 
from Table | as if the latitude were north. Then he turns to Table II 
where he finds opposite his date another date differing from the 
former by about six months. This second date is the one on which 
the sun is very ‘nearly at the same distance from the equator as on 
the first date, but on the opposite side of the equator. Consequently 
if the reader turns back to Table I and obtains the time of sunrise 
for this second date, he has the time of sunrise for his south latitude, 
But not exactly as yet, for the equation of time will be different on 
the two dates. This requires a correction; and the proper correction 
number, with its algebraic sign, is given in Table II against each date. 

The case of moonrise and moonset at a station in south latitude 
cannot be treated conveniently in this manner, owing to the large and 
rapid changes from day to day in the position of the moon on the 
celestial sphere; that is, amongst the fixed stars. Accordingly, the 
computer here applies the principle of the simultaneous phenomenon 
at the antipodal point. It is evident that if there were no atmosphere 
surrounding the earth, a fixed star would be rising at a certain station 
and setting at the station directly opposite, at the farther side of the 
earth, at the same instant in absolute time, as Greenwich mean time. 
This is true also, for the present purpose, for the center of the sun's 
disk, because the distance of the sun is also so great. We can apply 
the same principle to the moon, the center of the disk, if we neglect 
the refraction and the parallax. The latter, which may rise to 61’ or 
more and has a mean value of 57’, is by far the largest of the three 
terms which make the cases of the sun and the moon different from 
that of a fixed star shining on an earth with no atmosphere. But the 
refraction and parallax have opposite effects, so that they may both be 
neglected without an error exceeding a few minutes of time, except in 
a case of high latitude of the station and large declination of the moon, 
north or south. This is what the computer of Table III seems to have 
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done; and if the reader desires, for instance, to ascertain the local time 
of moonrise at a station in south latitude, on a given date, he is in- 
structed to obtain from Table III the local mean time of the simultan- 
eous moonset at the opposite station in north latitude, add or 
subtract twelve hours as the case may require, and thus obtain the 
required local mean time of moonrise. _ 

If one desires to obtain the time of moonrise or of moonset more 
closely, the present writer would suggest the application of a general 
mean correction of three minutes to the times of Table III for north 
latitudes, and an additional correction of the same sign, somewhere 
from five to ten minutes, for the higher latitudes of the table, say 
from 34° to 60°. This correction would be added for moonrise and 
subtracted for moonset. If the time already obtained for a station in 
north latitude includes this correction and the time for the opposite 
station in south latitude is desired, then twice the correction must be 
applied, with reversed sign. The corrections for equal declinations 
of the moon north and south will be sensibly equal at a given station, 
within the limits of the table in latitude. One could estimate some- 
what closely the correction required as above by noting roughly the 
meridian altitude of the moon, or the magnitude of the hour angle at 
moonrise or moonset compared with what it was when the moon was 
at a middle altitude on the meridian. 

There seems to be no reason why the application of Table I, for the 
sun, to stations in south latitude should not be made in the same 
manner as for Table III. The correction for the equation of time would 
go out, but a correction for refraction and semi-diameter would come 
in. This correction would be twice the allowance made for these two 
terms. It would be different for different declinations of the sun, but 
sensibly the same at a given latitude for equal declinations north and 
south, within the limits of the table in latitude. The change is so small 
from day to day that one value of the correction for a given printed lati- 
tude, that for a middle date for each page of the table, would suffice for the 
entire series of dates under that latitude on a given page and could be 
printed at the head of the column. These corrections would be additive, 
or printed with the plus sign, on the left hand or sunrise page of the 
table, and subtractive or printed with the minus sign, on the right hand 
or sunset page. Thus‘ Table II, occupying nearly an entire opening, 
could be dispensed with, and the printing of the 1095 numbers of 
Table II would be replaced by that of the 416 correction numbers in 
Table I. It may be, however, that the application of Table II will be 


safer and more convenient for the majority of those who will consult 
the tables. 
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The instructions printed in connection with Table III] seem to the 
present writer somewhat bewildering. If one can apply such tables at 
all, he must be assumed to have a common-school education, and for 
such it would seem that a clear presentation of the principles involved 
and a statement of their application to an example in connection with 
each table would be sufficient. The present writer would offer, therefore, 
the following statements and instructions to cover the applications in 
the cases of both the sun and the moon, and would assume that only 
one table for each is printed, the present Table I including the correc- 
tion numbers suggested above, and Table III with some adjustment of 
the times in the latter for parallax and refraction, and including the 
correction numbers for south latitudes as suggested above. These 
suggestions would be appropriate especially in the case of the separate 
pamphlet. 


Care must be taken to distinguish between the astronomical mean date, 
the day and hour, and the ordinary, civil] mean date, the day and hour. 

The astronomical day begins at local mean noon of a given civil date 
and is counted from 0" up to 24" at the next following noon. 

The civil day begins at midnight and should be counted from 0", at 
midnight, through 11" A. M. to 12" at noon, and again from 0° at noon, 
through 11" P.M. to 12" at midnight. Or, as is customary in certain 
quarters, the civil day should be counted from 0" at midnight to 24’ 
at the next following midnight. 

When 12" is to be added to a given time the result may rise into the 
date following; and where 12" is to be subtracted from a given time, 
the result may fall back into the date preceding. 

To obtain the local Mean Time of sunrise or sunset, moonrise or 
moonset. 

For North Latitudes.—Obtain the time from that column of the 
table which has the given latitude printed at its head. If the given 
latitude falls between two of the printed latitudes, obtain the time 
that falls between the two corresponding times in the same _propor- 
tion as that in which the given latitude falls between the two printed 
latitudes. 

For West Longitudes and North Latitudes.—First ascertain the 
times from the table as above for the given date and the next later 
date. If the table is blank for the given date obtain the time for the 
next earlier date; and if the table is blank for the next later date 
obtain the time for the date two days later. Then compute the time 
that falls between these two times in the same proportion as that 
which the longitude holds to twenty-four hours. 
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For East Longitudes and North Latitudes.—First ascertain the 
times from the table as above for the given date and the next earlier 
date. If the table is blank for the given date, obtain the time for the 
next later date; and if the table is blank for the next earlier date, 
obtain the time for the date two days earlier. Then obtain the time 
that falls between these two times in the same proportion as that which 
the longitude holds to twenty-four hours. 

For South Latitudes.—For sunrise or sunset obtain the time from 
Table I in accordance with the preceding, apply the correction printed 
at the head of the column for the given latitude, so as to increase a 
time obtained from the sunrise or left-hand page, and diminish a time 
obtained from the sunset or right-hand page of the table. 

For moonrise or moonset proceed in the same manner obtaining the 
time from Table III; but apply the correction number printed at the 
head of the column for the given latitude, so as to diminish the time 
obtained from the moonrise or left-hand page, and increase the time 
obtained from the moonset or right hand page of the table. 

Add twelve hours if the south station is in east longitude and sub- 
tract twelve hours if it is in west longitude. 


In the case of the sun the change in the time from day to day does 
not exceed three or four minutes, within the limits of the table, and in 
most cases does not exceed one minute. The blank spaces occur only 
in the case of the moon, whose rapid motion in revolution about the 
earth sometimes carries it over an entire day, at a given station, from 
one rising to the next rising, or from one setting to the next setting. 

To illustrate the application of the principles set forth in the preced- 
ing, in the case of the sun, the example given in the ephemeris in con- 
nection with Table I and Table II may be presented here. The stations 
will be chosen, however, at some distance from the Greenwich meridian. 

Example—May 10, 1917, civil date, longitude 6° 30" west, latitude 
38° north. Required the times of sunrise and sunset. 


Table I Sunrise Sunset 
Lat. +35° May 9 17" 1™ May 10 6" 52™ 
Lat. +40 May 9 16 50° May 10 7 3 
Local astronumical mean time Lat. +38° May 9 16 54 May 10 6 59 
Local civil time, May 10, 4" 54" A.M. — May 10, 6" 59™ P.M. 


The change in the times for an entire day is only one minute, so 
that the times found above may be adopted for the given longitude; or 
a little allowance may be made in putting down the times for the given 
latitude, as is done above. 

For the southern, opposite station, May 10, 1917, civil date, longitude 
5" 30" east, latitude 38° south, required the times of sunrise and sunset. 
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For the northern station— 
Sunset Sunrise 


Table I. Lat. +38°, as above, May g_ 6" 59™ May 9 16" 54™ 
Add 12" May 9 18 59 May10 4 54 
Corrections at head of Table I —9 + 9 
For the southern station— 
Sunrise Sunset 
Local astronomical mean time May 9 18 50 May10 5 3 
Local civil time May10 650 A.M. May10 5 3P.M. 


These times agree with those obtained in the ephemeris publication 
within a minute. 

The example printed in connection with Table III in the ephemeris 
seems well stated except that the present writer would remark that it 
seems advisable, for the sake of convenience and precaution against 
error in the date, to repeat the date along with the hours and minutes 
at every item of the time. 

The reader who has an astronomical ephemeris at hand may compute 
any of these times readily by means of equations (3) and (2) in 
Poputar Astronomy, No. 185, Vol. XIX, for the sun and moon respect- 
ively, or by the equation in Art. 116 of Young’s General Astronomy, 
together with the derivation of the interval from meridian transit to 
rising or setting as explained on page 269 of the former publication. 

As to form and convenience of application the tables have the 
general excellence of the American Ephemeris. The writer would 
make only one little suggestion: that the year, as 1917 and 1918, be 
printed at the head of each page in conspicuous type, in conformity 
with the general practice of the ephemeris. This gives the reader 
quicker assurance that he has the proper table open before him. 

Washburn Observatory, 
Madison, Wisconsin. 
June, 1917 


IN LIMINE., 


Out of the Vast the Life-river flows, 
Sun-waste and world-waste, all question, none knows; 
Through infinite deltas for ages it ran 
Through variant species—plasm, plant, beast and man; 
Yet ever the lead of omnipotence lends 
Its glory and strength to some rich and sure ends. 

Morgan Hill, Cal. C. E. Barns 
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THE STUPENDOUS SMALLNESS OF OUR EARTH. 


CHARLES NEVERS HOLMES. 


Man cannot realize, he cannot calculate how small, how utterly 
insignificant is his own planet compared with the totality of the 
universe. Indeed, he scarcely realizes how small is his world compared 
with only the volume of ether amid which the system of the sun is 
swiftly moving. To state that his earth is like a ship on the Atlantic 
ocean, in comparison with the universe, is absurdly inadequate, and it 
may be that his planet is like a speck of dust floating amid the ocean 
of air by which he is surrounded. Now, a speck of dust is almost a 
microscopic particle and, since the atmosphere extends upwards for 
two or three hundred miles and the planet which it covers has a surface 
area of about 197,000,000 square miles, man should be willing to admit, 
although not at all comprehending how vast the universe really is, 
that the earth upon which he is born and dies, is a body of the import- 
ance of a cipher compared with the stupendous creation around it. 

But to man his planet home looks large enough, because he is so tiny 
himself with respect to it. “Is not my world”, he may exclaim, “about 
25,000 miles in circumference and, therefore, does it not contain 
approximately 260,000,000,000 cubic miles?” A mountain five miles 
in height seems very high to a human being only a little over five feet 
in height; but, were that human being half-a-million miles in height, he 
would not notice the mountain and the earth would appear like a very 
small ball indeed. Because man’s body is from his standpoint of 
rather respectable size, his planet home looks very huge, and since he 
has devised a system of measures commensurate with his bodily 
requirements, a world possessing a circumference of about 25,000 miles 
seems to him pretty large. Perhaps one of the chief reasons why the 
earth appears so big to most of its inhabitants is that these inhabitants, 
even in this twentieth century, crawl so slowly upon and around it. 
Certainly, a “journey around the world” is somewhat of an undertaking 
to all of the dwellers upon its surface. 

Man is earth-chained and earth-educated—usually almost as narrow- 
minded as the universe is broad. Not that there have been no great 
men upon this earth, but even the greatest of them have naturally 
been influenced by their terrestrial surroundings and terrestrial educa- 
tion. To most men their world represents the chief reality of life, the 
stars and universe outside the world being rather unreal and uninter- 
esting. A square foot of land is something that man can touch, and 
for one glance that he casts upwards there are a hundred or a thousand 
glances that he casts downward. As a result of earthly associations 
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man is, with respect to his mind, almost wholly terrestrial. Nearly 
everything is computed in terms of this world, and the importance of 
the world is enormously exaggerated by man. Therefore, the real 
‘volume or size of this earth has also been enormously exaggerated. It 
is, accordingly, an excellent idea to “get down to facts” occasionally, 
and compare the stupendous smallness of this planet with the stupend- 
ous vastness of the universe. 

Our bright and silvery moon is so comparatively near us that, apart 
from her beauty and astronomical interest, she is hardly worth consid- 
ering. Now, this moon’s average distance from the earth is about 
239,000 miles. The earth’s diameter approximates 7918 miles, so that 
about thirty earths in a line would reach from the terrestrial to the 
lunar surface. This does not make our earth seem very small, but 
wait—in order to bridge the ether-gulf between our world and the 
sun approximately 11,700 earths would be required, that is, when the 
sun is at his mean distance from our world (92,900,000 miles). And 
let us consider the size of the sun. How often we have beheld him 
shining so brightly in the heavens—apparently only as large as the 
white, beautiful moon. One who is inexperienced in astronomical 
science might “guess” that King Sol, is 10,000 times as big as the world. 
Well, such a guess would be a very poor one indeed. The sun is not 
10,000 or a 100,000 times as large as our eartb, but about one million, 
three hundred thousand times as large! And our own sun is not a 
very big star amid the other stars, for there are undoubtedly many 
suns in the universe thousands of times bigger than he. Compared 
with such huge suns, the smallness of our earth begins to seem some- 
what stupendous. 

Our sun is, comparatively speaking, very, very near to us. As is 
well known, the outermost planet of his system (as astronomical science 
informs us at present) is Neptune. Well, Neptune approximates a 
mean distance from us of 2,700,000,000 miles. That is, supposing it to 
be just 25,000 miles around our earth, we should have to travel more 
than a hundred thousand times “around the world” to go as far as 
from this planet to the planet Neptune. And the planet Neptune is 
scarcely at the threshold of the universe! 

Our own sun shines upon us by day, and multi-myriads of stars shine 
upon us by night. As has been stated, our own sun is at an average 
distance of only 92,900,000 miles, whereas the sun called Alpha 
Centauri, which is the next nearest sun to our earth, so far as is now 
known, approximates a remoteness of 26,000,000,000,000! Not that 26 
trillions of miles are anything remarkable, astronomically, but it is 
somewhat of a “jump” from the 93 million miles to our own sun. In 
other words, these 26 trillions of miles to Alpha Centauri would require, 
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very approximately, 3,300,000,000 earths, the size of our own earth, 
extending in a line, to reach from our world to this nearest known sun 
of night! 

And, of course, this nearest known sun of night is only on the 
surface, astronomically. Now, it takes light about eight minutes to 
reach us after leaving our sun and it takes about four and one-third 
years for light-rays to reach us after leaving Alpha Centauri. 
There are stars whose remoteness is so enormous that their rays do not 
arrive here until 500 or 1000 years from the time they left the fiery 
surfaces of their suns. That is, their light which we see tonight started 
from these very remote bodies back in the tenth century or possibly 
long before that time. At the rate light travels (186,330 miles per 
second) it would flash more than seven times around our world in one 
second. How utterly insignificant our tiny planet really is amidst 
a universe whose inner or local boundaries are perhaps more than 
3,000,000,000,000,000 miles distant from us! 

Of course, the suns and planets contained within the boundaries of 
the so-called Milky Way constitute only a part—probably only a very 
tiny part—of the sum total of Creation. Outside of this inner or local 
boundary the universe may be illimitable, indeed the probabilities are 
that Creation is illimitable, rather than finite. To a man whose educa- 
tion is wholly terrestrial the conception of an illimitable universe 
seems unreal—impossible; but such is the opinion of an individual 
who thinks in earthly “feet” and “yards” and lives entirely within the 
influence of some local time-piece. Our earth is very small indeed 
compared with the extent of its own solar system. It becomes almost a 
cipher compared with the ether-space contained within the confines of 
the remote Milky Way; and our world seems far less than a cipher 
when contrasted with an illimitable universe or even with a universe 
nearly illimitable. 

How stupendously small, then, is our own planet-home!—more like 
a single atom amid the atmosphere surrounding our world than like a 
dust-speck in the atmosphere. Were we to divide such a dust-speck 
into particles too minute to be seen by the most powerful microscope, 
and then re-divide one of these invisible particles into particles a trillion 
times as small, one of these final particles might occupy more relative 
space in our atmosphere than the earth occupies amidst its universe. 
Truly, our world with its circumference of a little less than 25,000 miles 
is utterly insignificant, and perhaps it is fortunate that we who dwell 
here cannot appreciate how very small and very insignificant our 
earth really is. 

Newton, Mass, 
41 Arlington St. 
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TWENTY-FIRST MEETING OF THE AMERICAN 
ASTRONOMICAL SOCIETY. 


The twenty-first meeting of the Society was held August 29 to 31 
at the Dudley Observatory, Albany, N. Y., an institution made famous 
as the working place of the late Professor Lewis Boss. It was gratifying 
to the visitors to see how the Observatory continues prosperous and 
active under the guidance of Professor Benjamin Boss, a worthy suc- 
cessor of his father as Director of the Department of Meridian Astrom- 
etry of the Carnegie Institution of Washington. 

During the meeting most of the members were quartered at the Ten 
Eyck Hotel, but it had been arranged that motor busses would start 
from the hotel promptly each morning a half hour before the meeting 
and carry all the members to the Observatory; and again, at the close 
of the sessions, convey them back to the hotel. As luncheon was 
served at the Observatory, there was continuous opportunity for that 
personal contact and exchange of views, which contribute so much to 
the charm and value of these meetings. 

This is the first meeting of the Society since the United States entered 
the great War, and while there were various references to possible 
services of astronomers to the national defense, both in the papers 
read and in conferences of the members, the main business still seemed 
to be in connection with pure science and independent of unhappy 
human events. One feature which stood out, however, was the amount 
of knitting which went on during the reading of papers. While the 
discussion was concerned with some far away star, a prominent officer 
of the Society was one of those who were skillfully turning out warm 
garments for the soldiers. 

On the first evening the members and friends were the honored 
guests of Professor and Mrs. Boss for dinner at the Country Club, and 
with Mr. Warner as impromptu toastmaster there were many spicy bits 
of astronomical experience, including the vagaries of absent-minded 
professors, and the stellar efforts of students in examinations. 

The society has come to expect at least one excursion at a meeting, 

“and this time the expedition to Saratoga Lake on Friday afternoon 
came as a fitting climax to the activities in Albany. After a beautiful 
two hour ride in automobiles, the members found themselves at Riley's 
on Lake Lonely near Saratoga. There was plenty of time for viewing 
the sunset, after which we sat down to supper, honored by the presence 
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of our hosts, the Trustees of the Dudley Observatory. The return to 
Albany was by the light of the full Moon, no doubt especially arranged 
for the occasion. 

By constant attention to business, the Society had finished the scien- 
tific program on Friday, and next morning many of the members took 
advantage of the day trip by boat down the Hudson. Arriving at 
Poughkeepsie we were the guests of Miss Furness and the authorities 
of Vassar College. Under competent guides, different parties were 
escorted through the College grounds and buildings, ending with the 
Observatory, where it was interesting to see the bust of Maria Mitchell 
in the place of honor. Supper was served in the main hall, and after . 
some further sight seeing, the members hurried to their various trains. 

Various committee reports and items of business were considered by 
the society, among others the question of the Daylight Saving movement, 
No further action was taken on the report of the committee (see report 


of the twentieth meeting), but when an informal expression of opinion 
was Called for the vote stood 


In favor of Daylight Saving 18 


Opposed to the plan 22 
Neutral 6 
46 


Another matter in the same connection, which would affect only 
astronomers, was a proposal coming from England that the astronomical 
day begin at midnight instead of at noon as at present. A test vote 
showed that a large majority of the members present were opposed to 
the change, but after some parliamentary procedure it was agreed to 
refer the matter to a committee to make a report back to the Society. 


The President appointed Messrs. Eichelberger (Chairman), Campbell, 
and Frost. 


The selection of place and date of the next meeting was left for 


action of a Committee composed of Messrs. Schlesinger, Russell and 
Stebbins. 


The Council elected new members as follows: 


Robert R. Candor, U. S. Patent Office, Washington, D. C. 
William A. Conrad, U. S. Naval Observatory, Waghington, D. C. 
John J. Crane, Shawme Farm, Sandwich, Mass. 

Alice Hall Farnsworth, Yerkes Observatory, Williams Bay, Wis. 
Vera Marie Gushee, Yerkes Observatory, Williams Bay, Wis. 
Fred John Neubauer, Students’ Observatory, Berkeley, Cal. 

Luis Rodés S. J., Observatorio del Ebro, Tortosa, Spain. 
Charles T. Whitehorn, 101 Spruce St., Bloomfield, N. J. 

Evelyn Wornham Wickham, Yerkes Observatory, Williams Bay, Wis. 
Susan Raymond, Smith College, Northampton, Mass. 

Elis Strémgren, University Observatory, Copenhagen, Denmark. 
Arthur.J. Roy, Dudley Observatory, Albany, N. Y. 
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On August 31, officers were elected for the ensuing year: 


President Edward C. Pickering 
First Vice-President Frank Schlesinger 
Second Vice-President W. W. Campbell 
Treasurer Annie J. Cannon 

P Edwin B. Frost 
Councillors 1917-19 


Officers continuing to serve unexpired terms are: 
Secretary Philip Fox 


Ernest W. Brown 
Councillors 1916-18 J.S. Plaskett 


A letter was read from Mr. Fox offering his resignation as Secretary 
of the Society, inasmuch as his time is taken with military duties. The 
Society voted not to accept this resignation, and asked Mr. Stebbins to 
continue as acting Secretary for the ensuing year. The members also 
sent a memorial to Mr. Fox who had been commissioned as Major in 


the Reserve Officers Corps, and congratulated him on his patriotic 
service. 


Members in attendance at the Albany meeting were: 


Sebastian Albrecht Mary M. Hopkins Harry Raymond 
A. Thos. G. Apple _ Louise F. Jenkins Susan Raymond 
S. I. Bailey F.C. Jordan Luis Rodés S. J. 
L. A. Bauer C. C. Kiess A. J. Roy 
Benjamin Boss E. S. King H. N. Russell 

E. W. Brown C. O. Lampland R. F. Sanford 

R. R. Candor Eleanor A. Lamson Frank Schlesinger 
Annie J. Cannon D. B. Marsh A. N. Skinner 
C. R. Cross C. E. K. Mees E. C. Slipher 
Edith E. Cummings P. W. Merrill Joel Stebbins 
A. E. Douglass Joel H. Metcalf H. T. Stetson 
J.C. Duncan W. I. Milham Elis Stromgren 
W. S. Eichelberger John A. Miller Helen M. Swartz 
Matt Fredrickson S. A. Mitchell John Tatlock 
Caroline E. Furness H. R. Morgan R. Triimpler 
Asaph Hall Margaretta Palmer A. B. Turner 

W. M. Hamilton Jesse Pawling F. W. Very 

J.C. Hammond G. H. Peters W. R. Warner 
W. E. Harper Edward C. Pickering R. W. Willson 
Margaret Harwood J. M. Poor Cc. C. Wylie 


In addition to the members there were many visitors: 


Mrs. Rosamond Ames, Mrs. I. W. Bailey, Mrs. S. I. Bailey, Mrs. Benjamin Boss, 
Mrs. Lewis Boss, Master Lewis Boss, Miss Grace I. Buffum, Mrs. R. R. Candor, Mrs. 
Livia C. Clarke, Mrs. J. C. Duncan, Miss Mabel A. Dyer, Miss Alice M. Fuller, 
Sherwood B. Grant, Miss Helen W. Jenkins, Heroy Jenkins, J. H. Johnson, Miss 
Bertha W. Jones, Mrs. F. C. Jordan, Mrs. C. O. Lampland, Miss Isabella Lange, Miss 
Marie Lange, Mr. Guy Lowell, Mrs. S. D. Marshall, Mrs. Joel H. Metcalf, Mrs. W. I- 
Milham, Miss Harriet McW. Parsons, Mrs. Harry Raymond, M. G. Skinner, Mrs, 
Frank Schlesinger, Wagner Schlesinger, Mrs. H. T. Stetson, and William B. Varnum. 
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At the final session the following resolution, introduced by Professor 
E. W. Brown, was adopted unanimously : 

Resolved: That the American Astronomical Society meeting at 
Dudley Observatory desires to express its appreciation of the arrange- 
ments for the comfort and convenience of its members carried out by 
Professor Boss and the staff of the Observatory. It desires to extend 
its thanks for the hospitality and courtesies extended to its members 
by Professor and Mrs. Boss, by the Trustees of the Dudley Observatory, 
by the Carnegie Institution of Washington, and by Professor Furness 
and the authorities of Vassar College, which have contributed in no 
small degree to the success of the meeting. 

Resolved: That the acting Secretary be requested to write letters 


to the persons and institutions mentioned, enclosing a copy of the above 
resolution. 


ABSTRACTS OF PAPERS. 


ON THE VARIATION IN SPECTRAL TYPE OF THE FOURTH 
CLASS VARIABLE STAR / CARIN. 


By SEBASTIAN ALBRECHT. 


When the discovery was made, in 1906, that many of the lines in 
stellar spectra show slightly different wave-lengths in the different 
stellar types and that these differences progress with the regular type 
sequence, it was pointed out that similar changes in wave-length, which 
would be progressive with the phase of light variation, might be found 
in the spectra of individual variable stars. Such periodic changes in 
wave-length, if found, would offer a quantitative method for the deter- 
mination of actual changes in spectral type synchronous with the 
changes in light. The very limited amount of material then available, 
principally for the star 7 Aquilae, “....showed very strong indications 
of just such variations in the positions of certain lines.....”. At the 
suggestion of the writer, Director Campbell of the Lick Observatory 
kindly asked Dr. Heber D. Curtis, then in charge of the D.O. Mills 
Observatory in Chile, to secure for this study series of spectrograms of 
the fourth class stars / Carinae and « Pavonis. The present paper 
discusses the measures of the spectrograms of / Carinae which were 
secured at that time. The methods employed are described in 
Astrophysical Journal 33, 130, 1911. Briefly summarizing, it may be 
stated that, as in the case of » Aquilae so also for / Carinae, variations 
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in spectral type are shown to occur. For this star the range of varia- 
tion is seven-tenths of a type interval, the type being F7.8 near light 
maximum, G2.9 at a phase intermediate between maximum and mini- 
mum, and G4.8 near light minimum. 


NOTE ON THE VARIABLE STARS IN THE 
GLOBULAR CLUSTER MESSIER 15. 


By S. I. BaliLey. 


Messier 15 is a typical globular cluster. Its approximate position 
is R. A. 21" 25", Dec. + 11° 44”. Somewhat more than a thousand 
stars were photographed with the 13-inch Boyden telescope at Arequipa 
with an exposure of 100 minutes. Fifty-one variables were found 
among them. To these several new variables have been added by 
Misses Leland and Woods, who have taken part in the study of this 
cluster. Photographs have been made at Arequipa and Cambridge 
during a period of over twenty years. Many of the variables are so 
difficult, however, that the precise determination of the light curves 
would have been extremely troublesome, had it not been for an excel- 
lent series of plates made on Mount Wilson with the 60-inch reflector 
by Dr. Harlow Shapley, who generously placed them at the disposition 
of the writer. The stars so far studied are of two classes, one, of the 
usual cluster type, having a period somewhat longer than half a day, 
with rapid changes in light, the other, having a period of about a third 
of a day and less rapid changes. The latter resemble the eight stars of 
double maxima found in Messier 5. | The two classes are as sharply 
separated by the form of the light curves as by the length of the 
periods. The mean magnitude in all cases is about 15.7. The periods, 
which have been determined to the tenth of a second, appear to be 
uniform during the ten to twenty thousand returns of maximum. 


A BRIEF STATEMENT OF THE WORK OF THE COMMITTEE ON 
NAVIGATION AND NAUTICAL INSTRUMENTS OF THE 
NATIONAL RESEARCH COUNCIL. 


By L. A. BAueEr. 


At the request of the General Munitions Board, the National Research 
Council appointed a special committee on Navigation and Nautical 
Instruments for the purpose of giving advice, as required, to the 
U.S. Shipping Board and Emergency Fleet Corporation, with regard 
especially to nautical instruments for the cargo ships of the Board: To 
be able to secure prompt action, the Committee consists at present 
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of only four members, all residing in Washington, namely: L. A. Bauer, 
chairman, Commander J. S. Doddridge (representing the Naval Obser- 
vatory), R. L. Faris (Assistant Superintendent, Coast and Geodetic 
Survey), and Roy Y. Ferner (representing the Bureau of Standards). 
The progress of the work assigned to the Committee was briefly 
sketched and appreciative acknowledgement was made of the hearty 
- codperation received from directors of astronomical observatories 
throughout the country, especially with regard to rendering assistance 
in equipping vessels with chronometers, as circumstances may require. 


A MECHANICAL DEVICE FOR INTERPOLATION. 
By R. R. Canpor. 

There was shown a slide of a mechanical device which is of partic- 
ular advantage in interpolating star places from the ten-day 
ephemeris. (Ed.) 

DISTRIBUTION OF LIGHT IN STELLAR SPECTRA. 
By ANNIE J. CANNON. 


In order to study the intensity of rays of different wave-lengths in 
stellar spectra, enlargements by a moving plate have been made and a 
second photograph taken by placing a photographic wedge over the 
enlargement. A light-curve was thus obtained in which the abscissas 
represent the wave-lengths of the rays and the ordinates, their intensi- 
ties. In neither case is the scale normal. The curves differ greatly for 
different classes of spectra. 

The spectra of red stars taken with the 24-inch reflector and an 
objective prism having a clear aperture of 24 inches, on plates stained 
with pinacyanol or dicyanin, give curves having striking peculiarities 
in the region from H&4 to wave-length 8000. It is probable that stars 
may be classified more accurately by means of their curves than by a 
study of the original plates. 


NOTE ON TWO SPECTROSCOPIC BINARIES. 


By J. B. CANNON. 


Boss 3138. 
(a = 11" 55™.8; 5 = — 19° 9’; mag. 5.28) 
The elements of this star as determined at Ottawa are: 
P = 1.50307 days 


K = 118.19 km +.80 km 
.078 +.0082 
w = 185°.08 +9°.54 
T = J. D. 2,420,917.578 +.038 
y¥ =+ 1.70km +.72 km 
a sin i = 2,435,000 km 
i 


(mF my = 5 © 
Probable error of plate of average wt. = + 13 km. 


| 
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The spectrum is of type B3, the lines are very poor with, in many 
cases, a suspicion of doubling, making them very hard to measure. 
Also the fact that the star is far south makes it difficult to secure good 
plates at all and more difficult to secure them successively, which is 
very desirable with stars of so short a period. 


32 & Cygni. 
(a = 20" 12™; 6 = + 47° 24’; mag. 4.2; type G5) 


Plates of this star have been taken every year since 1914, but the 
period seems so long that it will be necessary to wait some time yet 
before the period will be even roughly known. Lick plates of 1905 are 
about 25 km negative, of 1906 slightly positive; Bonn plates—one of 
1908, —18.4, one of 1909, + 14.6, and one of 1911, — 26.3; Ottawa 
plates of 1914 average — 30; in 1915 they become gradually more 
positive and reach the maximum positive value in May 1916; plates 
of 1917 are gradually becoming more negative. This seems to point 
to a period of about three years or perhaps a little more. 


The lines of the spectrum are good and with corrected wave-lengths 
should give reliable results. 


NOTE ON A POSSIBLE EXPLANATION OF ERRATIC JUMPS 
IN CLOCK RATES. 


By Wo. A. Conrap. 


The standard clock system of the U. S. Naval Observatory consists 
of three sidereal Riefler clocks substantially mounted in air-tight cases 
in the constant temperature vault. One of the three is used as the 
standard clock, the others as auxiliaries. It having been noted, in 
determining the clock corrections for the time service based on six to 
eight well-determined clock stars culminating within 10° of the zenith, 
that there seemed to be sudden jumps in the clock rates of all three 
clocks, an investigation was started to find a possible explanation. 
Because of the excellent operation of the heating system, the very 
constant temperature maintained in the vault, and the tightness of the 
sealing, of the cases, it could hardly be due to temperature or baromet- 
ric changes; hence the cause was attributed to imperfect determination 
of instrumental constants. 

By intercomparisons of the clocks on the chronograph at the time 
of observation for a clock correction, rates for all three clocks are 
obtained. These rates being based on short intervals of time, from 
two to six days, will naturally fluctuate in value about a certain 
mean, the magnitude of the fluctuations depending upon the steadiness 
of the clocks and the errors of observation. If the observations were 
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perfect and the fluctuations due to imperfect running of the clocks we 
would rarely find all three clock rates varying the same amount in the 
same direction. If, on the other hand, the rates of the clocks were 
steady and the fluctuations in the observed rates due to errors of 
observation, we would have all the clocks varying the same amount 
in the same direction. It has long been noticed that the rates of all 
three clocks usually vary in the same direction at the same time and 
by almost equal amounts. 

In seeking the cause of a very bad jump in all three clocks in 
February 1917, it was noticed that a great many jumps were 
noted “cold wave” or its equivalent and that all cold wave notes 
indicated jumps. Cold waves are usually due to the approach of a 
center of high barometric pressure from the west, and with this as a 
clue the weather map at the time of the observation under question 
was consulted and showed a very marked low pressure area receding 
in the east, followed by an abnormally high barometer coming in from 
the west. In other words the barometric gradient seemed to be very 
steep. Might this not indicate that there should be a correction for 
lateral refraction applied to the observations? 

Now let us assume that the correction to the clock is zero, that it 
has a constant zero rate, and that on the first of the month an 
observation for a clock correction is obtained under weather conditions 
such that barometer readings over an extended area around the point 
of observation are sensibly equal. Leaving out of consideration other 
sources of error the clock correction then obtained would be zero. If 
now three days later the barometer shows a decided “low” east of the 
observatory and a decided “high” west, the air strata would have a 
well marked tilt downward toward the east. Because of the laws of 
refraction the star positions would be thrown toward the east and 
would transit late, so that a clock correction obtained on this night 
would indicate that the clock was too fast and the clock correction 
would be negative, giving a negative rate. If at the time of the next 
correction the conditions were reversed the correction would be posi- 
tive and the rate obtained would be positive, indicating fluctuations in 
the rate which did not actually exist according to our assumption. It 
is not necessary that the correction be zero, or that the rate be zero or 
even constant, so long as it follows some easily ascertainable law. The 
fluctuations due to lateral refraction amount to deviations from the 
normal rate curve. 

The rate curve of a good clock freed from all external influences, 
such as shocks, barometric changes, temperature changes, is rather 
simple, marked, however, at times by sharp well-defined changes. For 
the purposes.of this discussion it is assumed that the rate curve is a 
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broken line, being linear between the points of change,—that up to a 
certain point the clock maintains a linear rate and then changes 
abruptly to a different slope. The point of these breaks is very 
evident in the clock rate book and a least square solution for a rate 
equation of the form 


has been made. In some few cases the introduction of a second degree 
term would better satisfy the observations. With this equation com- 
puted corrections were obtained and the residuals O—C derived. 
When the clock rate solutions are completed and the residuals plotted, 
it is found that the fluctuations in the residuals are practically iden- 
tical and furthermore, by the use of the daily maps furnished by the 
Weather Bureau, the fluctuations could be roughly predicted from the 
hypothesis that they are due to lateral refraction. 

The conclusion that lateral refraction enters into all fundamental 
star place work to a certain extent, both in right ascension and decli- 
nation, seems plausible. The observer with the transit circle, zenith 
tube, or prime vertical, who has a whole night’s observations to stand 
out widely from the mean of the entire work for no explainable reason, 
may clear up some of his difficulty by a look at the weather map. 

The writer is studying the phenomenon and any suggestions or data 
bearing on the subject will be gratefully received. 


SPECTRA OF NOVA GEMINORUM NO. 2 AND OTHER STARS. 


By R. H. Curtiss. 


Slides were shown of stellar spectra enlarged from negatives made 
with the single-prism slit spectrograph of the Observatory of the 
University of Michigan. In connection with the spectrum of Nova 
Geminorum No. 2 attention was called to the presence of hydrogen 
and calcium emission on March 13, the day of the announcement of 
this Nova’s discovery. Attention was directed also to the changes 
occurring in the spectrum, from discovery through the stage in 
which 44640 became predominant and into the nebular phase. The 
complicated and varying structure of emission lines was pointed out. 

From Hy nearly to the head of the Huggins series the well defined 
hydrogen absorption lines of ¢ Tauri were compared with the sharply 
reversed bands of the same element in the spectrum of 11 Camelopar- 
dalis, bringing out graphically the distribution of these features. 
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A NEW FORM OF SPECTROCOMPARATOR. 
By Ratpu E. De Lury 


By arranging two microscopes so that their axes intersect at right 
angles at a half-silvered surface placed symmetrically between them, a 
comparator may be constructed which has special advantages in 
measuring or comparing photographs of spectra, etc. While awaiting 
the construction of a double comparator in which two sets of images 
may be observed and in which the microscopes supply their rays 
directly (without reflections), a Hartmann spectrocomparator has been 
adapted by removing one of the ordinary masks and replacing it by a 
half-silvered surface between the components of the double prism 
below the eye-piece. This comparator has all the advantages of the 
usual Hartmann form and in addition the following: 

(1). The images may be focussed beyond the double prism where 
a spider line or masks of any kind may be readily employed. 

(2). The Evershed method may be used of measuring individual 
lines with about doubled accuracy by overlapping the lines of a nega- 
tive with those of a positive from it, only in this case the images are 
used instead of the plates (as Evershed employs) and therefore the in- 
tensities of the lights through positive and negative may be changed 
independently and contrast gained by using filters. 

(3) The usual Hartmann method of aligning the lines in regions on 
two negatives may be used, but more satisfying and accurate settings 
may be made by using a positive and overlapping the regions. 

Repeated measurements of negatives of {& Geminorum against 
positives of solar standard plates (or vice versa) yielded, in the best 
set, a probable error of a single plate, + 0.07 km sec. 

Measurements of mechanical displacements of solar limb spectrum 
lines, which yielded a probable error for a single line of + 0.0026 mm 
by the usual bisection method, gave, with slightly fewer settings by the 
overlapping of a positive’s image on the negative’s image, a reduced 
probable error for a single line of + 0.0015 mm. 

Measurements of solar rotation plates by the bisection method agree 
with those made by the new method for the same lines for one 
observer (De Lury). This fact throws light on the systematic differ- 
ences in the measurements made by the bisection method, for the 
same lines, by J. S. Plaskett and De Lury. 


THE STEWARD OBSERVATORY OF THE UNIVERSITY OF ARIZONA. 
By A. E. DouGLass 


A communication was made to the meeting last December regarding 
an anonymous gift of $60,000 to the University of Arizona for an 
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observatory. It is now possible to announce that the name of the 
Observatory will be The Steward Observatory of the University of 
Arizona, and that it was the gift of Mrs. Lavinia Steward, in memory of 
her husband. The donor, Mrs. Steward, died during the past summer. 

It is proposed to devote the funds primarily to a large reflector, this 
type of instrument having been decided upon after tests with the 60- 
inch mirror of the Carnegie Observatory. The proposed instrument is 
expected to be 37 inches in aperture. It is very difficult to get a proper 
disc of glass at the present time, and any persons interested in getting 
large discs of glass for reflector purposes are requested to send word to 
the undersigned (A. E. Douglass.) 


AN OPTICAL PERIODOGRAPH. 


By A. E. Douc.ass. 


In connection with correlative variation in solar activity, climatic 
factors and tree growth, it was desired to have a device for rapid 
isolation and testing of possible periodic variations. Schuster’s period- 
ogram does not give enough detail. The present arrangement gives 
periods and variations very rapidly and free from personal equation. 
The curve to be analyzed is made transparent so that the amount of 
light passing at any point is proportional to the amplitude of the curve 
at that place. The light then passes through a lens, to which a cylindrical 
lens is attached with its axis parallel to the curve. This spreads it 
into a series of parallel bands of varying intensity. A set of equally 
spaced parallel lines, called the analyzing plate, is now set in the focus 
and interference fringes are produced whose direction angle depends 
upon the period existing in the curve. To get the period in time 
intervals, a simple formula of the type P—c-+ ce, cot @ has to be 
applied. 


ON THE ECLIPSING VARIABLE R CANIS MAJORIS. 


By Raymonp S. DuGan. 


The period of R Canis Majoris has apparently been nearly linear 
and constant during the thirty years since its discovery. Observations 
by the writer in 1916-17 show that the secondary minimum is now 
midway between primary minima, just as it was when observed by 
Wendell in 1898-9. There is apparently no evidence that the direction 
of the line of apsides has changed. Simultaneous spectrographic and 
photometric observations might throw some light on the problem. 
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PLATE XIX. 


Tue Osservatory, ALBANY, New York. 


PorpuLar AstrRONOMY, No. 248. 
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Struve’s motion 


Struve’s motion 


Weigeted Mean 


Struve’s value 


Tue Orsit oF ENCELADUS 


Observed 
Epoch| with 
1901.5 Te 
1902.6 
1903.6 
1904.7 
1905.7 
1906.7 “4 
1907.7 
1908. 8 


Weighted Mean. 
Struve’ s value .0046 
(comp. ):=270°.9 + 115°. 1904.7) + 60°.0 cos [160°.1 + 70° (7 — 1904.7)] 


| 
3 Te | 
/1896.4 | Te 
1900. 5 Te | 
1901. 5 Te 
1902. Te-Rh 
1903.6 Te-Rh 
1904. Te-Rh 
1905. Te-Rh 
1906.7 | Te-Rh 
1907.7; Te-Rh | 
1908.8 Te-Rh | 


d Observed ; No. | Eccentricity Perisaturnium 

__by _Obs'ns. Obs'd | Wt. |Obs'd. We. Comp'd | O—C 

| 

52 | 2 | 270.9| 34 2862 | —15 

| ] | .0061 | 1 143.9| 14 85.9 | +58 

F | 3 | .0176 1 145.0|116 150.7 | —6 

H 22 «0068 3 223.4; 48 2145 | + 9 

H | 20 | 0025) 6 352.0| 6 | 3483 | + 4 

H | 13 | 0034; 3 186.8; 5 172.8 +14 

H 18 | 0062, 4 314.6| 46 | 317.8 | — 3 

H 13 0016 | 5 14.0 3 29.4 —15 
0046 | | 


123 . 


Tue Orsit or TetHys 


| Observed Observed) No. Eccentricity 

Epoch) with by _Obs'ns_ Obs'd_| Wt. Obs'd 
1895.3 Di B 24.0084 100 | 
1896.4 Di B 20 |= .0025 1 327 
1900.5 Di Ss 47 0013 | 1 | 100 
1901.5 En-Di Ss 117 0004 2 | 183 
1902.6, En-Di-Rh | 131 .0025 | = 
1903.6 En-Di-Rh-Ti. F 163 .0007 8 280 
1904.7; En-Di-Rh | H 84 .0008 3 178 
1905.7; En-Di-Rh | H 87 0017) 318 
1906.7, En-Di-Rh | H 41 0018 | 1 184 
1907.7; En-Di-Rh | H 71 .0007 5 | 227 
1908.8! En-Di-Rh H 45 0021 4 276 
Weighted 1 Mean 0013 

Struve’s value .0000 


Tue Orsit or DIONE 


\Observed | ‘Observed | No. Eccentricity 


by Obs’ns) Obs’'d | Wt Obs'd | Wt. |Comp'd. 
| | | 

B 24 «0016 11544) 6) 281.5 
B 20 | | 3 287.2) 76) 265.9 
Ss 47 | 002 | 1 | 88| 30) 342 
65 | 0022 | 2 | 748) 27) 655 
Ss 84 3 | 93.7) 108 100.0 
F 64 | 7 216 | 131.3 
H 47 5 153.4 60 165.7 
H 68 0022) 7 (2076) 98 197.0 
H 25.0052 «219.4 | 223 228.3 
H 52.0019 | «9 256.3 100. 259.6 
H 32, 0020 317.9) «294.0 

0025 


0020 


Weight 100 -ttnsoge to a probable error in e of .0003 and in = of 10,. 


Perisaturnium 
Wt Comp’ 


«119 
330 
| 4} 50 
201 
113 | 287 
| 166 
48 342 
23 108 
200 
66 296 


Perisaturnium 


 (comp.) =80°.8 +156°.035 —1904.7) +105°.0 cos [324°.0 +40° (7 —1904.7)] 


Weight 100 corresponds to a probable error in e of .0001 and in = of 10°. 


| 
| 
| 
| —19 | 
= 3 
2 | —18 | 
| +29 
a 
= —24 
= | +76 | 
| 
4 = 20] 
= 
O—C | 
° 
| 
+21 | 
9 
— 6. | 
+ 2 | 
—12 | 
+11 | 
— 9 | 
= — 3 | 
4 
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mw (comp.) = 165°.7 + 31°.30 (7—1904.7) 
Struve’s motion 31°.0. 


Weight 100 correspends to a probable error in e of .0001 and in 7 of 10°. 


The resdiuals in ~ for Dione do not indicate the existence of any appreciable 
libration. 


The chief points of difference between my results and those of 
Struve are an eccentricity for the orbit of Tethys, larger in fact, than 
that given by him for Rhea, .0009, which latter value is confirmed by 
my work as far as it has gone, and the librations in the motions of the 
perisaturnia of Enceladus and Tethys. 


(To be continued.) 


STATIONS FOR THE SOLAR ECLIPSE OF JUNE 8, 1918, 


HAROLD R. BAKER. 


Following suggestions made by the director of the Chamberlin 
Observatory of the University of Denver, I have obtained the following 
data about towns at or near which parties may be stationed for 
observing the total solar eclipse of June 8, 1918. As the best conditions 
for observing the eclipse are likely to be found in the western states, 
only one town east of 100 degrees of west longitude (from Greenwich) 
has been considered. 

The map of the United States issued by the General Land Office in 
1916 under the direction of I. P. Berthrong was used for plotting the 
path of the shadow. The scale of the map is 37 miles to the inch. From 
the data given in the American Ephemeris the points where the central 
line of the eclipse path and the bounding lines of the shadow path 
crossed each of the meridians given on this map were determined and 
plotted on it. These points were then connected by straight lines. The 
names of all apparently sizeable settlements which lay near the bounding 
lines of the path of the shadow or near the central line were tabulated, 
if they were on railroads. After this was done the publication issued 


by the American Ephemeris appeared. It may be used to check some 
of the data of this article. 
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The population of each town and the name of the railway serving it 
were obtained from the Rand-McNally Commercial Atlas of America 
(1915), supplemented by railway time-tables. The elevations were 
taken from a dictionary of altitudes, compiled in 1906 (Bulletin 274, 
U. S. Geological Survey), from contour maps issued by the U. S. Geo- 
logical Survey, and in a few instances from the time-tables of railroads. 
The latitudes and longitudes were found, when possible, from the 
contour maps just mentioned, or from the Century Cyclopedia of Names; 
most of the values, however, were obtained by making measurements 
on the Government map on which the shadow path was drawn, and on 
the maps of the Rand-McNally Atlas. These measurements were inde- 
pendently checked by Miss Rachel Isbell. Complete data have not 
been available for all the towns. With very few exceptions all the 
places are within 5 miles of the central line or of the limiting lines of 
the shadow path. The towns chosen are arranged by states in the 
order of their longitudes. In the column headed Location the abbrevi- 
ations C. L., N.L., S.L. denote respectively Central Line, Northern Limit, 
and Southern Limit. The figure directly after these letters shows the 
number of miles from the town to the line; thus N. L. 3S indicates that 
the northern limit of the shadow path is three miles from the town 
and south of it. As the shadow path runs in a southeasterly direction 
instead of directly east and west, a man who walked from a town to 
the nearest point on a limiting line would walk roughly southwest, 
if the line ran south of the town. 


In the railroad column the following abbreviations are used: 


CBQ for Chicago, Burlington and Quincy 
CO for Central of Oregon 

CS __ for’ Colorado and Southern 

CWE for Colorado, Wyoming and Eastern 
DRG for Denver and Rio Grande 

DSL for Denver and Salt Lake 

GN for Great Northern 

GS __ for Great Southern 

MP Missouri Pacific 

NP for Northern Pacific 

OSL for Oregon Short Line 

OWN for Oregon and Washington R.R. and Navigation Co. 
PIN for Pacific and Idaho Northern 

RI for Chicago, Rock Island and Pacific 
SF for Sante Fe 

SPS_ for Spokane, Portland and Seattle 
TE for Tacoma Eastern 

UP for Union Pacific 

WFN for Wichita Falls and Northwestern 
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The elevations above sea-level are given in feet. A glance at the 
table shows that the high altitudes occur in western Colorado; the 
towns that are at an elevation of about a mile are found in central 
Colorado, in Wyoming and in eastern Idaho. In western Idaho and 
eastern Oregon the average elevation is about 3000 feet. In western 
Oregon and throughout Washington the towns are at inconsiderable 
altitudes. 

It is hoped that the tabulated longitudes from Greenwich and north 
latitudes have been taken from the maps with errors no greater than 
a minute or two. However in the case of Denver the data are for the 
Chamberlin Observatory, which is five miles from the center of the 
city, at the end of one of the car lines. 

The most considerable towns near the central line are South Bend 
(Washington), Baker (Oregon), Pocatello (Idaho) ,and Denver (Colorado). 


Sorar Ecupse June 8, 1918. 


Town Distance Population Railroad Elevation Longitude Latitude 
from line 

WASHINGTON 
South Bend CL4N 3023 NP 6 123 51 46 40 
Raymond CL3N 2450 NP iti 123 46 46 40 
Pe Ell CL2N 838 NP 412 123 18 46 33 
Vader CL3N 631 NP 143 122 58 46 26 
Winlock CL2S 1140 NP 209 122 56 46 30 
Olympia NL3 S 6996 NP 10 122 55 47 4 
Battle Ground SL 0 200 NP 327 122 28 45 47 
Ashford NL4S5S 300 TE 1775 122 2 46 46 
Stevenson SL45S 387 NP 98 121 53 45 42 
Goldendale CL25 1203 SPS 1610 120 49 45 50 
OREGON 
Astoria SL3N 10117 SPS 15 123 51 46 11 
Westport SL4S5S 100 NP 21 123 24 46 7 
St. Helens SL4N 742 GN 122 50 45 51 
Cascade Locks SL2 Ss 248 OWN 99 121 54 45 40 
Dufur SL4S5 523 GS 121 9 45 27 
Kent SL5N 125 OWN 120 43 45 10 
Ione c25 239 OWN 1078 119 49 45 31 
Heppner CL3N 880 OWN 1898 119 32 45 20 
Hermiston NLO 647 OWN 119 19 45 49 
Pendleton NLO 4460 NP 1078 118 48 45 40 
Meacham NL1 5S 50 OWN — 3678 118 23 45 32 
Baker CL2N 6742 OWN 3440 117 50 44 46 
Cove NL 0 433 co 2892 117 49 45 18 
Ontario SL2s 1248 OSL 2153 117 1 44 1 
IDAHO 
Midvale CL4S5 380 PIN 2564 116 45 44 29 
Emmett SL 0 1351 OSL 116 36 43 51 
Shoshone SL8N 1155 OSL 3968 114 27 42 55 
Hailey CL 0 1231 OSL 5330 114 19 43 31 
Arco NL3 N 322 OSL 5318 113 20 43 35 
Aberdeen CL 0 280 OSL ; 112 51 42 56 
Pocatello css 11267 OSL 4482 112 24 42 53 
Blackpost NL5 N 2202 OSL 4497 112 22 43 10 
Malad SL 0 1303 OSL 4700 112 15 42 12 
McCammon CL 0 321 OSL 4750 112 10 42 39 
Preston _SL3 S$ 2110 OSL 4718 111 54 42 5 
Franklin SLi1Ss 534 OSL 4497 111 48 42 3 
Montpelier CL 0 1924 OSL 5943 111 18 42 19 
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Vega 


Town Distance Population Railroad Elevation Longitude Latitude 
from line 
WYOMING 
Cumberland SL3 S 500 OSL 110 33 41 34 
Green River CL4N 1313 NP 6082 109 28 41 30 
Rock Springs CL6S 5778 NP 6261 189 13 41 35 
COLORADO 
Hayden CL8N 314 DSL 9180 107 18 40 29 
Steamboat Springs CL 5 S$ 1227 DSL 6680 106 51 40 30 
Walden NL3 S 162 CWE 106 16 40 44 
Sulphur Springs CL3N 182 DSL 7665 106 6 40 3 
Breckenridge SL5N 834 cs 9534 106 2 39 29 
Grant SL3 5S 50 cS 8566 105 38 39 28 
Central CL2N 1782 cs 8515 105 31 39 48 
Black Hawk CL 0 668 cs 8042 105 30 39 48 
Lyons NL1 S$ 632 CS, SF 5349 105 16 40 14 
Golden CL4S5S 2477 cs 5693 105 12 39 46 
Longmont NL2 S 4256 cS 4941 105 6 40 10 
Littleton CL1N 1373 SF,DRG 5372 105 0 39 37 
Denver CL 250000 CBQ 5394 104 57 39 41 
Englewood CL5S 2983 cS 5280 104 55 39 40 
Monument SL2S 149 DRG 6972 104 52 39 6 
Brighton NL1N 850 UP 4985 104 49 39 54 
Falcone SL 0 100 =CS, RI 6833 104 36 38 56 
Byers NL 0 7 UP.RI 5202 104 11 39 43 
Eads CL8N 350 Mp 4220 102 47 38 29 
Lamar SL1S8S 2977 SF 3603 102 37 38 5 
Cheyenne Wells NL3 N 270 UP 4279 102 20 38 49 
KANSAS 
Tribune NL5 N 200 MP 3620 101 44 38 30 
Leoti NL4S5S 400 MP 3297 101 24 38 30 
Hartland CL3N 100 SF 3055 101 22 37 53 
Lakin CL3 5S 337 SF 2998 101 16 37 57 
Satanta SL8 S SF 100 58 37 27 
Cimmarron NL7N 587 SF 2625 100 22 37 49 
Dodge City NL 0 3214 SF 2480 100 1 37 45 
Ashland CL 0 910 SF 1950 99 46 37 11 
OKLAHOMA 
Gate SL2 5S 200 WFN 100 2 36 54 
VEGA. 


Morgan Hill, Cal. 


Star of autumnal eve, 
How wondrous near, how wondrous fair thy face ! 
So crystal calm and clear I scarce believe, 
As star-lore saith, 
Thy beams were years on years besieging space— 
The still sidereal deeps of night and death— 
From thy far home to mine, 
A joy, a hope, a mystery divine. 


Star of my autumn days! 

Thy presence too is like the blessed beams 
From some far bourn of dreams, 

Lamping with love these dark, uncertain ways. 
Whence come, God’s secret; nevertheless to thee, 

Jewel of womanhood, 

In tender gratitude 
I give big thanks for all thou art to me. 


C. E. Barns. 
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PLANET NOTES FOR NOVEMBER, 1917. 


The sun will continue its movement southward during November, approaching 
its greatest southern declination by the end of the month. It will move from Libra 
into Scorpio and end the month only a short distance from Antares. 


WEST 


SouTH HORIZON 


THE CONSTELLATIONS AT 9:00 p.m. NOVEMBER 1. 


The phases of the moon for this month are as follows: 
Last Quarter Nov. 6at1l am. C.S.T. 
New Moon 14 “12 Mm. 
First Quarter 21 “ 
Full Moon 28 “ 1 PM. ie 
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Variable Stars 


Minima of Variable Stars ot Short Period—Continued. 


Star 


U Coronae 
TW Draconis 
SS Librae 
SW Ophiuchi 
SX Ophiuchi 
R Arae 

TT Herculis 
TU Herculis 
U Ophiuchi 
u Herculis 
TX Herculis 
RV Ophiuchi 
SZ Herculis 
TX Scorpii 
UX Herculis 
Z Herculis 
WX Sagittae 
WY Sagittae 
SX Draconis 
RS Sagittarii 
V Serpentis 
RZ Scuti 

RZ Draconis 
RX Herculis 
SX Sagittarii 
RR Draconis 
RS Scuti 

B Lyrae 

U Scuti 

RX Draconis 
RV Lyrae 
RS Vulpec. 
U Sagittae 

Z Vulpec. 
TT Lyrae 
UZ Draconis 
SY Cygni 
WW Cygni 
SW Cygni 
VW Cygni 
RW Capric. 
UW Cygni 

V Vulpec. 

W Delphini 
RR Delphini 
Y Cygni 

WZ Cygni 
RR Vulpec. 
VV Cygni 
AE Cygni 
RY Aquarii 
RT Lacertae 
UZ Cygni 
RW Lacertae 
TT Androm. 
Y Piscium 
TW Androm. 


Decl, 
1900 


+32 01 
+64 14 
—15 14 
— 6 44 
— 6 25 
—56 48 
+17 00 
+30 50 
+33 12 
+42 00 
+ 719 
+33 01 
—34 13 
+16 57 
+15 09 
—17 24 
—23 1 


DOH 


= om cow 


oe 


DONA NWS 


A= 


L 


CHER COON ROSH OF SHEE NUNN ER ON SNE Neer 


BS 
Or RDN DOK KUO 


Greenwich mean times of 
minima in 1917 


November 


@ th @ 
: 13 13; 20 11; 27 
6; 25 16 


; 12 2; 20 14; 29 1 
; 9 23; 23° 6; 29 21 


12 18; 20 9; 28 0 

911; 17 0; 2414 

; 13 4; 20 9; 27 14 
12 


; 12 12; 19 6; 26 0 
; 10 1; 17 10; 24 18 


; 10 6; 23 19; 30 14 
; 13 16; 20 14; 27 12 


10 4; 19 19; 29 10 
; 12 12; 21 17; 30 21 
; 12 20; 20 8; 27 20 
9 18; 17 8; 24 23 


0 

13 15; 21° 1; 28 10 
8 

9 7;17 3,25 0 
0 

7 4 47 33: 37 22 


9; 12 16; 20 23; 29 6 
;12 2; 19 15; 27 4 


14 6 ; 22 22 


h m ° ° h 
= 15 14.1 7 
32.4 
a 15 43.4 0; 12 12; 20 3; 27 19 
= 16 11.1 1; 13 10; 20 18; 28 2 
= 12.6 6; 14 22; 23 § 
a 31.1 14 22; 23 18 
a 16 49.9 14 6; 23 23 
me 17 09.8 9 22; 23 12: 30 8 
- 11.5 9 10; 17 19; 26 5 
aa 13.6 9 23; 22 6; 28 10 
a 15.4 15 8; 22 13; 29 18 
a 29.8 8 18; 23 12; 30 21 
a 36.0 13 17; 21 21; 30 1 
aa 48.6 14 18; 22 7; 29 20 
= 49.7 9 24; 17 18; 25 12 
-) 53.6 0; 14 0; 22 0; 29 23 
53.6 12; 16 1; 24 13 
x 17 54.9 11; 11 20; 21 4; 30 12 
a 18 03.0 +58 23 19; 14 3; 24 11 
11.0 —34 08 20; 10 2; 17 8; 24 14 
11.1 —15 34 4:41 & 16 
a 21.1 — 9 15 13 1; 28 4 
= 21.8 +58 50 14; 10 18; 17 22: 28 1 
a 26.0 +12 32 0; 9 3:16 5; $0 11 
* 39.7 —30 36 7; 12 15; 20 22; 29 6 
37 10 21 
43.7 —10 21 7 
- 46.4 +33 15 1; 20 23 
aa 18 48.9 —12 44 2 
a 19 01.1 +58 35 21 
a 12.5 +32 15 0 
= 13.4 +22 16 14 
= 17.5 +25 23 16 
a 24.3 +41 30 22; 14 10; 24 21; 30 3 
= 26.1 +68 44 7; 12 19; 19 8; 25 20 
a 20 00.6 +41 18 13; 10 4; 23 10; 30 2 
aa 03.8 +46 01 9. 6; 17 10; 26 13 
114 +3412 98 7: 27 & 25 
12.2 —17 59 88 
ag 19.6 +42 55 10.5 19 
a 32.3 +26 15 8.2—9.8 37 17 20 
ae 33.1 +17 56 9.4—12.1 4 
a 38.9 +13 35 10.5—11.8 4 7 
48.1 +3417 7.1—7.9 1 
49.3 +38 27 9.9-10.8 0 4 
a 20 50.5 +27 32 9.6—11.0 5 19 
21 02.3 +45 23 12.1—13.8 1 6 
a 09.0 +30 20 10.8—11.4 0 23 
= 148 —11 14 88-104 1 10 
57.4 +43 24 91-105 5 16 
a 55.2 +43 52 8.9—11.6 31 0 
= 22 40.6 +49 08 10.2—11.2 5 0 
23 08.7 +45 36 2 
7 29.3 + 7 22 9.0—12.0 3 1 
a 23 58.2 +3217 86—11.5 4 10; 
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Maxima ot Variable Stars of Short Period. 
[Calculated by Julia M. Hawkes at Goodsell Observatory. ] 


Given to the nearest hour in Greenwich mean time. To obtain Eastern standard 
time subtract 5"; Central standard time 6"; etc. 


Star R. A. Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1917. 
November 

h m dih a > d 4 h 
SX Cassiop. 0 05.5 +54 20 8.6— 9.2 36 13.7 
SY Cassiop. 009.8 +57 52 93—99 4 1.7 8 23:17 2; 25 
RR Ceti 127.0 +050 83—90 0133 1 2; 8 20; 16 14; 24 7 
RW Cassiop. 1 30.7 +57 15 8.9—11.0 14 19.2 13 22; 28 17 
V Arietis 209.6 +1146 83—9.0 0238 3 8:11 7:19 5:27 4 
SU Cassiop. 2 43.0 +68 28 65— 7.0 1228 7 0; 14 19; 22 15; 30 10 
TU Persei 3 01.8 +52 49 114—12.2 0146 3 1:10 8; 17 15; 24 22 
RW Camelop. 3 46.2 +58 21 82—94 1600.0 4 20 
SX Persei 410.2 +41 27 104—11.2 4 07.0 10 13; 19 3; 27 17 
SV Persei 42.8 +42 07 88— 9.6 1103.1 3 16; 14 20; 25 23 
RX Aurigae 454.5 +39 49 7.22—81 11150 3 1; 14 16; 26 7 
SX Aurigae 5 04.6 +42 02 80— 8.7 1128 3 23; 11 15:19 7: 26 22 
SY Aurigae 05.5 +42 41 84— 9.5 10 03.3 10 13; 20 16; 30 20 
Y Aurigae 21.5 +42 21 86—96 3206 8 0; 15 18; 23 11 
RZ Gemin. 5 56.6 +22 15 91—10.0 512.7 3 23; 9 12; 20 13; 26 2 
RS Orionis 6 16.5 +1444 82—89 713.6 2 19; 10 7; 17 23; 25 12 
T Monoc. 19.8 + 708 5.7— 6.8 27 00.3 13 0 
RT Aurigae 23.0 +30 33 51—60 317.5 2 7; 9 18; 17 5; 24 16 
RZ Camelop. 23.7 +67 06 11.0—13.0 011.5 219; 9 23:17 4; 24 9 
W Gemin. 29.2 +15 24 6.7— 7.5 7 22.0 5 14; 13 12; 21 10; 29 8 
¢ Gemin. 6 58.2 +2043 3.7— 4.3 1003.7 2 15; 12 19; 22 23 
RU Camelop. 710.9 +69 51 85— 9.8 12 06.5 612 28 19 
RR Gemin. 7 15.2 +31 04 10.0—11.5 0095 2 3; 10 1; 18 0; 25 23 
V Carinae 8 26.7 —59 47 7.4— 8.1 616.7 1 10; 14 19; 21 12; 28 5 
T Velorum 8 344 —4701 76—85 4153 3 12 12; 21 18 
V Velorum 919.2 —55 32 7.5—82 4089 1 7; 10 1; 18 19; 27 12 
RR Leonis 10 02.1 +24 29 91-101 0109 218; 9 12; 16 7; 29 21 
SU Draconis 11 32.2 +67 53 89— 9.6 015.8 6 16; 13 7; 19 22; 26 12 
S Muscae 12 07.4 —69 36 64—7.3 915.8 4 23; 14 16; 24 7 
SW Draconis 12.8 +7004 88— 9.6 013.7 6 21; 14 21; 22 20; 30 19 
T Crucis 15.9 -—61 44 68—7.6 617.6 5 8; 12 2; 18 19; 25 13 
R Crucis 18.1 —61 04 68—7.9 519.8 6 14; 12 9; 24 1; 29 21 
S Crucis 12 48.4 —57 53 65—7.6 4166 3 12; 12 21; 22 6; 26 23 
W Virginis 13 20.9 — 252 8.7—10.4 17 06.5 18 1 : 
SS Hydrae 25.0 -23 08 74-81 8 48 3 5; 11 10; 19 15; 27 19 
RV Urs. Maj. 13 29.4 +54 31 92—99 011.2 7 9; 14 19; 21 10; 28 11 
ST Virginis 14 225 — 0 27 103-114 0099 1 9; 9 14; 17 19; 26 0 
V Centauri 25.4 —56 27 64—7.8 511.9 2 20; 13 20; 24 19; 30 7 
RS Bootis 29.3 +32 11 86—10.0 009.1 7 19; 15 8; 22 21; 30 10 
RU Bootis 14 41.5 +23 44 128-143 0119 2 6; 9 16; 17 2; 24 12 
R Triang. Austr. 15 10.8 -—66 08 6.7— 7.4 309.3 2 22; 9 16; 23 6; 30 0 
S Triang. Austr. 15 52.2 -—63 29 64— 7.4 6078 3 9 12; 22 4; 28 12 
S Normae 16 10.6 —57 39 66—7.6 9181 1 9; 11 3; 20 21; 30 15 
RW Draconis 33.7 +58 03 9.6—108 010.6 211; 11 7; 20 4; 29 1 
RV Scorpii 16 51.8 -—33 27 6.7—7.4 601.5 3 20; 9 21; 22 0; 28 2 
X Sagittarii 17 41.3 -—2748 4450 700.3 7 22; 14 23; 21 23; 28 23 
Y Ophiuchi 473 — 607 61—6.5 17029 1 19; 18 21 
W Sagittarii 17 58.6 ~—29 35 43—51 7143 6 18; 14 8; 21 23; 29 13 
Y Sagittarii 18 15.5 -—18 54 54—62 5186 4 4; 9 22; 21 11; 27 6 
U Sagittarii 26.0 —19 12 65—73 617.9 5 4; 11 22; 18 16; 25 9 
Y Scuti 32.6 — 8 27 8.7— 9.2 10083 9 12; 19 20; 30 5 
Y Lyrae 34.2 +43 52 113-123 012.1 6 5; 12 6; 24 7; 30 8 
RZ Lyrae 39.9 +32 42 9.9—11.2 0123 3 7; 9 10; 21 16; 27 20 
RT Scuti 44.1 —10 30 91—9.7 0119 2 14; 8 13; 20 11; 26 9 
« Pavonis 18 46.6 —67 22 38—52 902.2 5 23; 15 0; 24 3 
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Maxima of Variable Stars of Short Period—Continued. 


Star R.A. Decl. Magni. ceeeee: Greenwich mean times of 
1900 1900 tude Period maxima in 1917. 
November 
h m o doh 4h 
U Aquilae 19 240 — 715 62—69 7006 2 0; 9 0; 23 1;30 2 
XZ Cygni 30.4 +5610 86—93 0112 7 2; 14 2; 21 2; 28 2 
U Vulpec. 32.2 +2007 65—7.6 7 23.5 8 22; 16 21; 24 21 
SU Cygni 40.8 +2901 62—7.0 3203 7 6; 14 23; 22 15; 30 8 
n Aquilae 474 +045 3.7—45 7042 4 3; 11 7; 18 12; 25 16 
S Sagittae 51.5 +16 22 56—64 809.2 5 21; 14 7; 22 16 
X Vulpec. 19 53.3 +2617 9.51—0.5 607.7 6 20:13 4; 19 11; 25 19 
X Cygni 20 39.5 +35 14 6.0— 7.0 16 09.3 12 18; 29 4 
T Vulpec. 47.2 +2752 55— 61 410.5 3 16; 12 13; 21 10; 30:7 
WY Cygni 52.3 +30 03 9.6—10.4 0 13:5 5 21; 12 14; 19 8; 26 2 
RV Capric. 55.9 —15 37 9.2—10.1 010.7 3 21; 10 14; 24 0; 30 18 
TX Cygni 20 56.4 +42 12 85— 9.7 1417.4 1 8; 16 2; 30 20 
VY Cygni 21 00.4 +39 34 88— 95 7206 1411; 9 5; 25 1 
SW Aquarii 10.2 — 020 99-108 011.0 6 17; 13 14; 20 11; 27 9 
VZ Cygni 21 47.7 +4240 82— 9.2 420.7 3 8; 13 1; 22 18; 27 15 
Y Lacertae 22 05.2 +50 33 91-96 407.8 1 14; 10 5; 18 21; 27 12 
5 Cephei 25.5 +57 54 3.7— 46 5088 5 11; 10 20; 21 13; 26 22 
Z Lacertae 36.9 +456 18 82— 9.0 10 21.1 10 14; 21 12 
RR Lacertae 37.5 +5555 85-92 6101 1 8; 7 18; 14 4; 27 0 
V Lacertae 22 445 +55 48 85— 9.5 423.6 212; 7 11; 17 11; 27 10 
X Lacertae 45.0 +5554 82—86 510.7 3 814 5; 25 2; 30 13 
SW Cassiop. 23 03.7 +58 11 9.2—9.7 5106 2 14; 13 12; 24 9; 29 19 
RS Cassiop. 32.6 +6152 9.0—11.0 607.1 5 21; 12 4; 18 11; 24 18 
RY Cassiop. 47.2 +58 11 9.3—11.8 12 03.4 10 22 3 1 
V Cephei 23 51.7 +82 38 6.0—7.0 2238212 & ta 


NOTES FOR OBSERVERS. 


Monthly Report of the American Association of Variable Star 


Observers, July, August, September, 1917. 

It is a pleasure to report that, up to date, sixty observers have signed the pro- 
posed Constitution and By-Laws of the formal organization which we expect to 
launch at the meeting in Cambridge, November 10. This splendid response to the 
appeal for members assures the success of the Association and its perpetuation. 

A cordial invitation is extended to all who have not joined our organization to 
become Charter Members of the formal body, whether they are able to engage 
actively in our work or not. The Association by reason of the service it has rendered 
during the past six years deserves the hearty support of all who are interested in 
the progress of Astrophysics, and it is hoped that many more will join our ranks. 

Professor E. C. Pickering, Director of the Harvard College Observatory, has 
accepted our invitation to be present at our meeting, November 10, and every 
member should endeavor to be present at this important gathering. 

Mr. David B. Pickering has generously offered a prize of a gold Medal to the 
member of the Association who is the first to discover a Nova. The thanks of the 
Association are due Mr. Pickering for this further expression of his interest in the 
Association and his desire to promote its progress, 


By, 
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VARIABLE STAR OBSERVATIONS July, Aug.-Sept., 1917. 
July 0 = 2421410; August 0 = 2421441; September 0 = J, D. 2421472 


001032 001909 014958 022150 
$ Sculptoris S Ceti W Cassiop. X Cassiop. RR Persei 
J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. 
242 242 242 242 242 


1428.5 <9.1 L 1439.8 9.7 M 1396.5 9.8 Lt 1417.7 10.5 Ba 1459.8 13.0 Ba 
37.6 10.6 L 59.7 87 Bai400.5 9.6 Lt 39.8 11.1 M 022813 
67.7 87 M 06.5 9.5%Lt 59.8 10.6 Ba 


U Ceti 
6 9. 60.7 11. 
001046 003179 66.7 104 1459.8 9.1 Ba 
X Androm. Y Cephei 5.6 88 B 67.7 114 M 023080 
1412.8 12.0 M 1453.7<11.8 Wh 407 88 Ba RR Cephei 
17.7<12.0 Ba 59.7<126 Ba 597 g6@Wh 015354 1439.9<11.5 M 
59.7<13.0 Ba 62.6 121Wh 537 go pj Persei 
67.7<13.5 M 59.7 8.5 Ba 1439.8 8.6 M 
004047 60.7. 88 M 59.8 82 Ba R Trianguli 
U Cassiop. 66.7 86 B 67.6 82 B 14388 82 Ba 
T Ceti 67.7 6.4 
1402.6 6.0 L a Le 010108 72.8 6.5 M 
08.6 6.0 L t 3 Lt ti 91 
23.6 61 L 1400.5 9.3 Lt 1459.7 10.4 Ba 
77 112 Ba 010940 
39.8 12.0 Androm. 021024 28.5 9.5 L 
v hon 51.6 12.6 B 1459.7 12.4 Ba R Arietis 024356 
14128 110 Pi 1430.9<10.0 M __W Persei 
327 120 Ba O22 128 Ba — 011208 37.7<10.0 Pi 1430.9 11.8 M 
97<118 M 67.7<12.4 M_ S Piscium 38.7<12.4 Ba 388 10.5 Ba 
59.7<-13.0 Ba °8:6<11.7 Wh 1459.7<13.0 Ba 598 11.0 Ba 59.9 11.0 Ba 
RX Cephei S Cassiop. i 
T Cassiop. 1390.5 7.5 Lt 14398 126 030514 
1390.5 85 Le 925 7.5 Lt 516 131 B 44387 105 Ba .,U Arietis 
96.4 7.5 Lt 1459.8<12.8 Ba 
91.4 8.5 53.7<11.5 Wh 59.8 11.0 Ba < 
94.4 8.5 Lt 14064 74 Lt 587<115 Pi 
1400.5 8.7 Lt RW Androm. 90-7<10.1 Persei nat nae 
128 75 M 1499-7<12.6 Ba 911712 1396.4 82 Vo 6634 85 
177 76 Ba 62.7<11.5 Wh y Piscium 021281 67.37 8.4 T 
356 80 B 1439.8<11.2 M 68.37 8.3 
004435 59.8<132 Ba Z Cephei 
si 1439.9 11.5 M 031401 
438.7 12.1 Ba 91223 X Ceti 
J 6 
<12.6 Ba 14376 8.1 L 85 L 032043 
001838 004533 012350 28.6 8.6 L Y Persei 
R Androm RR Androm. —_RZ Persei 37.6 85 L 1459.9 8.0 Ba 
1390 = 10.5 Lt 1439.8 9.4 M 14598 10.9 Ba 37.7 82 Pi 
965 98 Lt .98 Ba 39.9 82 M 032335 
14005 89 Lt 00-7 10.2 M 012502 59.7 6.7 Ba __R Persei 
58 82 L R Piscium 65.8 65 M 1459.9 9.5 Ba 
004746 1459.8 11.5 Ba 
12.9 7.9 M_ RV Cassiop. 021558 033362 
13.9 7.8 M 1417.7 9.6 Ba 013238 S Persei U Camelop. 
27.7 7.4 39.8 10.2 M RU Androm. 1437.7 9.8 Sp 1383.4 80 Lt 
32.7 7.0 Ba 59.7 10.0 Ba1459.8 11.0 Ba 388 10.0 Ba 90-5 8.0 Lt 
49.7 8.0 M 67.7 82M 598 97 Ba 924 8.0 Lt 
59.7 7.7 Ba 004958 67.6 9.4B 95.4 8.0 Lt 
59.7. 7.8 De WCassiop. 013338 96.5 8.0 Lt 
60.7 8.3 M 1375.5 10.3 Lt Y Androm. 022000 1400.5 8.0 Lt 
62.7 7.4Wh 90.5 10.0 Lt 1459.8 9.6 Ba R Ceti 06.5 8.0 Lt 
67.6 7.8 944 98 Lt 67.7 9.9 M 1459.8<12.0 Ba 9 
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VARIABLE STAR OBSERVATIONS July, Aug.-Sept. 1917—Continued. 


094262 
Carinae 


035915 052034 065111 
V Eridani S Aurigae Y Monoc. 
J..D  Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. 
242 242 2 42 
1459.8 9.5 Bai459.8 9.0 Ba1459.9 10.3 Ba 1381.5 
65.8 94M 82.5 
041619 071044 84.4 
T Tauri 052036 L, Puppis 86.4 
14648 9.8 M 1381.52 5.6 95.6 
8<12.5 Ba 5.3 97.4 
042809 66.8 13.0 M 36.43 5.0 98.5 
birt 66.8 13.1 Ba 9743 4.0 5 1400.5 
1459.8<12.5 Ba Al 
64.9<10.8 M 053005 a . 
66.8 13.0 M T Orionis 074323 164 
66.8 i3.2 Bai466.9 110 M Gemin. 
1384.4 8.9 
042215 
W Tauri 090151 
1459.8 9.6 Ba 1390.5 88 Lt Ma; 25 
64.8 96 M (89 13924 10.3 L425 
05 91 ie 95.4 10.2 Pe 
S Tauri 06.4 9.1 Lt 974 102 Pe 
64.9 88 M 
1459.8<12.5 Ba . . 1401.4 10.4 L 1382.4 
66.8 14.0 M 03 10.5 L 83.4 
054319 4 
66.8 14.0 Ba SU Tauri 03.4 10.2 
05.4 10.4 
043065 1459.8 9.6 Ba 
T Camelop. 054920 0.5 L 1401.4 
18.4 10. 
1383.4 8.2 Lt U Orionis 27.4 10.4 03.4 
90.5 83 Lt 1459.9 7.3 Ba 29.4 10.6 
054974 33.4 10.5 
14005 85 Lt ,.¥.Camelop. 50.3 10,5 1409.4 
065 85 Lt 1459:8<12.5 Ba 16.5 
64.9 10.7 M 055353 
urigae 
043274 1464.8 9.7 M 
X Camelop. 060450 844 368 223 
1383.4 8.2 Lt 26.4 
1459.9<12.0 Ba 323 ogg 
96.5 8.5 Lt 060547 95.6 405 425 
1400.5 8.6 Lt SS Aurigae 98.5 43 6 
06.5 9.2 Lt 1408.6<10.0 L 14005 40 6 
58.7<111 Pi 236<108 L 02.5 36 6 43793 
64.9<10.1 M 286<116 L 03.5 36 5 744 
31.6<116 L 094 3.5 6 
043208 37.6<11.6 L 165 3.7 6 
RX Tauri 59.8 118 Ba 174 3.8 6 14146 
1459.8<12.3 Ba 66.8 144 M 184 3.8 6 16.6 
65.8<10.8 M 66.8 14.5 Ba 
061647 225 38 8 25.6 
V Aurigae 26.4 3.6 3 
1459.8<12.3 Ba 107 Ba 425 3.4 5 357 
64.8<10.0 M 063159 092962 p+ 
U Lyncis R Carinae 41.6 
050953 1459.8<12.6 Baiseos7 645 426 
R Aurigae 063558 86.48 6.4 5 47.6 
1459.8 89 Ba  SLyncis 90.56 6.7 8 50.7 
64.9 88 M 14598 89 Ba 97.48 68 5 62.7 


SLL LOS AA LL 
WR 


& 


pron 


115919 
R Comae Ber. 
5». Est. Obs. 


4 
1390.4 9.6 Lt 


115905 
RX Virginis 
1397.4 87 L 
14224 7.9 L 
244 8.2 L 


120012 
SU Virginis 
1417.6 9.2 Ba 


120206 
RW Virginis 
1392.4 7.1 L 
1422.4 7.3 L 


120905 

T Virginis 
1417.6<12.0 Ba 
122001 

SS Virginis 
1392.4 8.7 L 
1417.6 7.2 Ba 
18.4 88 L 


122532 
T Can. Ven. 
1414.6<10.0 M 
17.6 12.1 Ba 
25.6<11.1 M 
34.7<11.7 Wh 
43.6<11.1 M 


122803 
Y Virginis 
1417.6<12.0 Ba 
123160 
T Urs. Maj. 
1397.4<11.7 Pe 
1410.6 12.5 B 
10.7<10.4 Rd 
17.6 12.5 Ba 
32.6 12.6 Ba 
34.6 12.6 B 
35.7<10.0 R 
37.7<10.8 Pi 
46.6<10.8 Re 
46.6<10.8 Bu 
51.6< 98 S 
58.6 11.2 Ba 
60.6<10.8 M 
61.6 10.8 Wh 


123307 
R Virginis 
1392.4 11.6 L 
1401.4 11.0 L 
17.6 9.5 Ba 
22.4 9.5 L 


540 

4211 

eonis 

= Lt 

Lt 

4 Lt 

= Lt 

4 1 
11361 

a 

13212 

ydrae 

= 5.5 Be 

5.7 Be 

13769 

rs. Maj. 
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VARIABLE STAR OBSERVATIONS, July, Aug.-Sept., 1917—Continued. 


124606 
R Virginis U Virginis R Hydrae @ Apodis RS Virginis 
J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Est,Obs. J.D.  Est.Obs. 
242 242 242 242 242 
1427.4 9.1 L 1390.4 84 Lt 14064 48 L 14184 63 6 14004 91 Lt 
334 88 L 934 85 Lt 074 48 Be 195 63 5 064 94 Lt 
446 82 Ba 964 86 Lt 144 46 L 205 635 106 89 8B 
50.4 82 L 14004 87 Lt 164 46 L 225 628 441176 9.0 Ba 
123459 06.4 89 Lt 18.4 4.4 L 23.7 6.1 : 60.6 10.6 Ba 
10. 85 B 4 44 2 
RS Urs. Maj. 176 88 Ba 243 46 L 296 61 3 142539 
97 5 274 47 L 425 61 3 V Bootis 
10.7 10.6 Rd 125705a 1390.5 8.9 Lt 
16.6 10.8 Ba Rf Virginis 132706 135908 93.4 91 Lt 
29.6 11.3 M 13994 83 LS Virginis RR Virginis 95.6 9.3 L 
32.6 11.7 Bajqoo4 8.4 L 1401.4 11.2 L 1417.6 12.8 Ba 1400:4 93 Lt 
32.7 11.2 Mu 334 §3 L 17.6 11.9 Ba 05.4 92 L 
34.6 11.9 B 22.4<115 L 140113 06.5 9.5 Lt 
37.7< 10.6 Pi 125705b Z Bootis 10.6 93 B 
46.6<10.6 Re SZ Virginis 133273 1417.6 97 Ba 146 95 M 
46.6<11.8 Bu1392.4 12.0 LT Urs. Min. 346 99 Ba 176 980 
60.6<11.3 M 14224 124 L 13834 9.0 Lt 606 109 Ba 176 98 Ba 
61.6<114Wh 334 120 L 90.4 9.0 Vo 204 97 L 
123961 90.5 9.2 Lt 33.6 10.0 B 
: 131546 93.5 9.2 Lt ,,.2 Virginis 344 10.3 L 
S Urs. Maj. =vCan. Ven. 1400.4 93 Lt 1417.6 10.9 Ba 105 Wh 
1390.5 9.4 Lt . 
13413 7.6 Lt 064 94 Lr 336 12 Bo 194 Ba 
92.5 95 Lt 495 76 Lt 346 108 Ba 42.6 10.0 M 
97.4 96 Pe 534 7.7 Lt 596 11:8 Ba ,, 141567 446 10.1 Ba 
97.4 97 L 554 7.7 L : U Urs. Min. 477 105 R 
1400.5 10.0 Lt 534 79 Lt 134440 1416.6 108 Ba so4 i9¢ L 
044 96 Pe 695 80 Lt RCan. Ven. 25.6 105M 191 
064 96 Pe 745 81 Lt1395.5 11.4 346 93 Ba 516 106 Pi 
06.4 103 Lt 735 80 Lt14064 11.1 Lt 36.6 101 Ba 
066 98 L 755 82 Lt 085 11.0 L 37.7 104 Pi 59.6<10.4 § 
10.6 98 Be 905 84 Lt 166 107 Ba 436 96M 606 4196 © 
10.7 95 Rd g14 84 Lt 204 105 L 446 94 Ba 616 191 De 
16.6 103 Ba g95 g4 Lt 256 103 M 58.6 9.2 Ba 6L.6 10.5 Wh 
244 104 L 964 82 Vo 326 103 Ba 61.6 94S 46 193 B 
296 110 M 965 85 Lt 344 100 L 666 90 B 6 
32.6 10.5 Bay4oo.4 85 Lt 34.6 10.2 Wh 
ene Mu 064 85 Lt 346 10.0 B a 142584 
132204 43.6 9.4 M jootis R Camelop. 
346 1007 finis «446 «9.2 Ba 1390.5 10.0 Lt 14356 13.0 B 
35.7< 10.8 1417.6 122 Ba 504 94 L 925 101 Lt 387<124 Ba 
112 Pi 546 9.0 Wh1400.5 103 Lt 586<125 Ba 
40.6 111 Ba 132422 596 87 Ba 06.5 10.0 Lt 
44.6 113 M _ R Hydrae 17.6 12.1 Ba 143227 
446 11.0 Bai3724 61 Be 135576 $4.6<12.1 Wh R Bootis 
46.6 11.0 Re 74.4 6.1 Be  @ Apodis 34.6 12.7 1402.5 11.3 L 
46.6 11.0 Bu 91.4 6.4 Lt 1378.47 5.9 5 35.7<10.0 R 17.6 99 Ba 
50.4 114 L 95.4 5.7 Be 8643 63 5 38.7 125 Ba 204 97 L 
51.6<10.1 S 964 6.5 Lt 90.56 60 5 426<106 M 25.6 93 M 
58.6 11.2 Ba 964 5.7 Be 90.69 62 5 516<102S 294 91L 
61.6 11.2Wh 97.4 5.0 L 9562 62 5 51.7<116 Pi 336 91 8 
120148 97.4 5.7 Be 97.48 64 8 59.6<125 Ba 346 9.4 Wh 
Y Can. Ven, 94 5.6 Be 9852 6.3 5 616<12.0 De 35.7 10.5 R 
1382.4 5.6 Vo, 994 5-4 Be140049 63 5 61.6 10.1 Wh 387 87 Ba 
905 36 V, 14014 54 Be 0163 6.4 5 42.6 8.7 M 
93 53 vo Ol4 48 L 0243 63 5 142205 44.6 82 Ba 
' 02.4 48 L 03.58 6.4 5 RS Virginis 50.4 81 L 
124204 02.4 49 Be 094 63 5 13904 85 Lt 50.7 80 R 
RU Virginis 034 49 Be 164 65 5 934 86 Lt 516 80 0 
1417.6<12.8 Ba 054 48 Be 174 645 964 87 Lt 516 825 
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VARIABLE STAR OBSERVATIONS, July, Aug.-Sept., 1917—Continued. 


154615 
R Bootis S Cor. Bor. R Cor. Bor. R Cor. Bor. R Serpentis 
1.D. Est.Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est.Obs. J.D, Est.UObs, 

242 242 242 242 242 

1451.7 8.0 Pii4446 12.2 M 1410.7 11.9 B 1443.6 10.2 M 1382.4 82 Lt 
58.6 7.7 Ba 49.7 103 R 166 114 Ba 446 104 M 834 83 Lt 
61.6 7.2 De 50.7 102 R 166 11.4 Re 446 10.0 Ba 844 84 Lt 
61.6 7.9Wh 51.7<11.1 Pi 166 11.2 Bu 453 98 L 905 87 Vo 
62.7 7.7 R 52.7 12.2Wh 17.6<10.7 O 45.6 9.7 Bu 905 85 Lt 
646 7.5 B 53.6 122 B 17.6 12.04De 456 103 B 914 85 Lt 
66.6 7.5 0 546 <9.7 We 17.6 11.4 Ba 456 105 M 924 85 Lt 
77.6 7.0 0 59.6 126 M 183 111 L 45.6 96 Re 93.5 85 Lt 

59.6 12.6 Ba 204 114 L 456 9.7 Bu 945 86 Lt 
1446 76 61.6<10.3 De 224 110 L 466 104 B 954 86 Lt 
R Apodis 62.7 10.9 R 23.5 108 L 47.7 10.1 R 96.4 87 Vo 
1378.47 5.7 5 666 <9.7 We 244 10.7 L 483 10.7 L 96.5 86 Lt 
10.6 L 48.6 10.8 Rd 1400.4 9.0 Pe 
\ . i 6 110 M 486 105 B 004 86 Lt 
91.65 5.7 6 RS Librae 25.7 106 B 48.6 10.2 Bu 02.4 88 Lt 
95.62 5.7 5 14336 7.6 B 266 10.7 Rd 494 10.7 L 044 91 Pe 
97.48 5.7 6 67.6 9.0 B 26.7 10.8 Sp 49.6 10.1 Bu 064 88 Lt 
ae 10.5 L 49.7 10.6 R 166 89 Ba 
’ 27.6 10.6 50.4 109 L 176 89 0 
425 5.6 5 RU Librae 285 103 L 506 112 B 256 9.5 
144918 6060124 Ba 224 103 L 50.7 109 R 306 97 B 
U Bootis 29.6 10.5 M 51.6<10.7 0 316 93 M 

1417.6 118 B 153378 30.4 101 L 51.6 113 B 326 10.0 0 
956 116 © Mle. 30.6 10.4 51.7<10.3 S 37.7 10.3 Pi 
416 115 B 1390.5 10.3 Lt 30.7 10.3 Sp 51.7 11.4 Pi 38.7 10.1 Ba 
536 112 B 925 104 Lt 314 103 L 52.6 104Wh 446 10.5 M 
596 106 M 14005 108 Lt 316 104M 53.6 11.9 B 456 9.8 Wh 
60.6 11.0 Ba 6.4 11.0 Lt 45.6 10.2 B 

0. 5 B32. 0.0 6<10 49.7 11.0 R 
68.6 105 Bo 326 104 Ba 586 133 Ba 516 107 0 
150605 346 98 B 59.6 11.4 Ba 
Y Librae 37.7 10.4 Pi 33. . 6 13. 60.6 11.2 0 
1460.6 7.5: Ba 38.7 10.2 Ba 33.6 9.8 Bu 59.6 13.3 B 66.6 11.6 B 
’ 446 102 Ba 337 101 B 596 13.4 Ba 154639 
S Librae 49.7 10.9 R 14426 10.7 M 

1401.4 99 L 9, ‘0 34.4 9.7 L 606 13.4 Ba a 
346 9.7 M 606 132 B 446 94 Ba 
274 87 L 666 103 B 346 100 B 606<10.7 0 59:6 <94 Ba 
32.4 84  666<106 We $7 Be 61.6< 9.8 4a 
50.4 8.5 L : AWh 616 11.2 r. Bor. 

or. Bor. 92.7 < 10.7 : : 

1382. <11.0 Lt 35.7 98 B 646 133 B 155823 
387 85 Ba %-4<10.3 Vo 36.6 94 B  66.6<132 B RZ Scorpii 
46 88 924<126 L 375 95 L 66.6 135 M 14446 9.7 Ba 
446 85 Ba %9<126 L 37.6 9.6 Rd 66.6 13.5 Ba 60.6 10.2 Ba 
476 Wh 264 <94 Vo 376 97 De 67.6 133 B 155847 
546 85 Wh L 376 94 686<126 B X Herculis 
596 83 Ba, L 37.7 83 Pi 77.6<10.7 O 13824 69 Lt 

1401.4<126 L 37.7 86R 154536 83.4 6.4 Lt 
151731 02.5<12.2 L 386 94 Ba y Gy Bor 90.4 64 Lt 
S Cor. Bor. 03.4 1267L 386 9.6 wy 914 6.3 Lt 

1407.7 10.5 Sp 054<122 L 387 93 M pa 924 63 Lt 
25.6 11.5 B 06. <11.0 Lt 406 95 B . , 93.4 63 Lt 
31.6 12.0 M 06.5<122 L 40.6 94 Ba 154639 94.4 63 Lt 
34.7 11.8 Wh 07.7 123 Sp 41.6 94 Cor. Bor, 95.4 63 Lt 
38.7 12.1 Ba 086<12.2 L 41.7 9.4Wh1431.6 11.3 M 14004 63 Lt 
41.6 11.9 B 09.6<122 L 426 97M 387 9.7 Ba 064 63 Lt 
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164319 
X Herculis SX Herculis U Herculis g Herculis RR Ophiuchi 
J.D Est.Obs. J.D. Est.Obs. J.D Est.Obs. J.D, Est.Obs. J.D. Est.Obs. 
242 242 42 42 42 
1416.6 6.5 Rd 1373.4 7.9 Lt1459.6 7.9 Ba1459.6 9.8 Mu 1448.6 11.8 B 
197 61Mu 745 79 Lt 596 87S 596 99 Ba 60.6 11.5 Ba 
28.7 62 Mu Lt 68.6 9.7 B 164715 
29.8 6.3 Mu 83. 9 Lt 
30.9 63 Mu 90.5 81 Lt 66.6 88 O 162816 “a eg 
318 66 Mu 92.4 82 Lt 67.6 81 B.S Ophiuchi 377 101 Pi 
326 660 944 81 Lt 77.6 87 0 14606 96 Ba 387 123 Ba 
32.8 6.1 Mu 96.4 82 Lt — igos54o 163137 53.6 11.1 B 
33,7 6.0 Mu 1400.4 8.3 Lt g Herculis W Herculis 59.7 11.5 B 
348 62 Mu 065 85 Lt 
8 1381.4 4.6 Vo1410.8 124 De 686 10.9 B 
37°6 = 6.8 Rd 160625 82.4 5.3 Lt 387 11.5 Ba 
37.6 6.8 Nt RU Herculis 824 46 Vo 446 10.9 M 165350 
37.9 6.3 Mu 4417.6<11.9 De 83. RR Scorpii 
40.6 63Ba 5972125 Ba $43 45 Vo 07 102 8 14627 65R 
85.4 4.9 Vo 59.7 9.7 Ba 465631 
Scorpii 90.4 5.3 Lt 67.6 93 B RV Herculis 
53.8 6.7 Muj4go76 121 Bu 91.4 5.3 Lt 
1447.6 < 11.8 Wh 
59.6 6.4 Nt 60.6 11.0 Ba 92.4 46 Vo R Urs. Min 5 6<12.2 Mu 
66.6 570 934 53 1114276 94M 130 M 
66.7 5.7 Mu 161122b 356 91 8B 13.0 Ba 
S Scorpii 94.4 5.3 Lt . 66.6 14.6 M 
160118 149762121 Bu 954 5.3 Lt 37.7 104 Pi 677 447 Ba 
R Herculis 59.6 119 De 96.3 4.6 Vo 38.7 9.3 Ba : 
1410.7<11.4De gy Ba. 964 53 Lt 436 9.4 M 170215 
38.7<12.9 Ba 1400.4 5.3 Lt 59.7 9.0 Ba R Ophiuchi 
59.6< 13.0 Ba 06.4 52 Lt 66.6 89 B 1437.7< 98 Pi 
160210 1459.6 10.7 De og af Mt 163266 60.6<12.7 Ba 
U Serpentis 60.6 10.8 Ba RD 170627 
1382.4 8.5 1396. ne? RT Herculi 
83.4 85 Lt 161138 31.8 48 Mu ‘ 10.7 Lt lerculis 
90.5 8.5 Lt. W Cor. Bor. 328 4.8 Mu 1400.5 10.4 Lt 1417.6<12.4 De 
914 85 Lt1434.7 133 B 33.7 48 Mu 06.5 9.5 Lt 31.6<11.1 M 
’ ’ 59.7<12.3 Ba 348 48 Mu 176 83 0 45.6<128 B 
92.4 85 Lt 17.7 46.6< 
85 Lt 1607 46 Mu 397-130 B 
94.5 8.5 Lt W Ophiuchi 52.8 4.7 Mu 397 73 0 
96.5 8.5 Lt14346<13.0 Ba 4.8 Mu 387 72 8B 171401 
1400.4 8.5 Lt 606<10.1 M 86.7 48Mu Ophiuchi 
60.6<12.6 Ba 162807 50.7 73 R 13905 9.2 Lt 
- a 162112 SS Herculis 51.6 73 0 925 92 Lt 
17.6 8.8 O 1390.5 10.1 Lt 59.7 7. 96.5 9.2 Lt 
30.6 92 VOphiuchi, io1 Lt 74 14005 94 Lt 
31.6 9.3 M 14606 80 Ba ‘gg 065 «(96 Lt 
38.7 92 Ba 67.6 7.8 B 
96.5 10.4 Lt 627 78R 30.6 9.5 B 
446 9.7 M 162119 96.5 103 L 676 79 0 406 94 Ba 
446 98 Ba UHerculis 1400.5 10.6 Lt 776 840. 59.7 104 Ba 
45.6 10.2 B 4406.5 10.4 Lt 01.4 1041 L 66.6 10.5 B 
45.6 9<9Wh 40.7 9.4 De 05.4 10.5 L 164055 
51.6 100 O 176 98 0 065 10.8 Lt S Draconis 171723 
59.6 11.0 Ba 9276 92M 086 10.8 L 1390.5 85 Lt RS Herculis 
66.6 112 B 396 93 0 17.6 10.8 Ba 92.5 85 Lt 14176 83 De 
160325 37.7 9.0 Pi 244 115 L 965 85 Lt 27.6 381 M 
SX Herculis 386 84 Ba 276 10.7 M 1400.5 85 Lt 37.7 83 Pi 
1341.5 85 Lt 446 87 M 324 122 L 065 85 Lt 406 80 Ba 
49.5 84 Lt 456 85 B 38.7 12.2 Ba 27.7 85 M 446 85 M 
58.4 82 Lt 466 87Wh 456 118 B 406 85 Ba 456 81 B 
68.5 7.9 Lt 49.7 88 R 466<109 M 466 88 M_ 59.7 83 Ba 
69.4 79 Lt 51.6 9.0 0 494 118 L 586 92Wh 62.7 86 R 
71.4 79 Lt. 516 86 Rd 536 105 B 59.7 86 Ba 676 84 B 


Bia 
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172809 
RU, Ophiuchi Herculis R Scuti R Scuti 
st.Obs, ._D.  Est.Obs. .D. st.Obs. Est.Obs, 
243 243 242 242. 
1407.7 10.0 Sp 1406.5 82 Lt 1425.4 7.7L 1409.6 5.5L 1454.6 5.2 Wh 
276 96M 105 9.0 De 256 73M 106 56Rd 586 55 Ba 
30.6 102 B 176 910 306 73De 164 56L 596 5.5 Ba 
40.6 10.9 Ba 276 93M 31.6 72Wh 166 56 Bu 596 5.0 Nt 
46.6 11.2 M 33.6 10.0 Bu 40.6 7.0 Ba 166 56Rd 606 570 
59.7 11.8 Ba 37.7 10.8 Pi 446 67M 1466 57Re 606 5.5 Re 
173457 43.6 100M 456 73B 166 58Ba 606 5.7 Bu 
1396.4 9.0 Pe 18.4 6 62.7 
91 Pe 59.7 12.2 Ba Mu 66.6 Bu 
04.4 9.0 Pe 181103 . Ba 25. IL 66.6 5.70 
175111 RY Ophiuchi 606 670 256 56M 66.7 5.6 Mu 
14256 120 B 336 85B 184134 27.4 6.0L 68.6 5.6 Re 
536 124 B 40.6 8.3 Ba , RY Lyrae 28.6 5.8L 68.6 5.2 Bu 
59.7<126 Ba 46.6 9.0 Re 1425.7<12.2Wh 287 6.0 Mu 776 5.80 
178818 46.6 9.2 Bu 60.6<13.3 Ba 298 6.1 Mu 184243 
Z Herculis 59.7. 9.0 Ba 184205 30.9 6.1 Mu RW Lyrae 
95 54 7.5 le . Oo u 66.7 14.6 M 
. 82.4 7.3 Lt 32.6 5.9 Ba 66.7 i 
0541 70 L 14296 110M 844 65 Vo 328 60 Mu Ry 
0735 79 L 32.7 11.0 Mu 12.6 Ba 
27.36 7.7 L 7 9.8 Ba 
90.5 5.5 Vo 34.8 6.0 Mu 185243 
2739 74L Bu S7Lt 354 6OL RLyrae 
175458 59.7 92Ba 924 56Lt 37.5 6.1L 82.4 4.4 Vo 
T Draconis 18 9 93.4 54 Vo 37.7 53R 82.4 4.2 Lt 
1459.7 11.2 Ba 2224 93.4 5.7 Lt 37.7 60 Pi 834 42Lt 
66.7 5.6 Pe 37.9 62 Mu 844 43 Vo 
Y .0 Ba . . 44 58Lt 386 610 £854 43 Vo 
175519 59.7<12.5 Ba 954 56 Vo 386 5.9 Nt 904 41 Lt 
RY Herculis 182306 . 95.4 5.7 Lt 38.7 6.0 Ba 92.4 4.1 Lt 
- 1459.6 12.6 De  T Serpentis 95.5 5.7 L 40.6 5.5 Re 934 4.4 Vo 
59.6<12.9 Ba 14346 122?M 964 54 Vo 406 53 Bu 944 41 Lt 
66.7 12.3 M 37.7<11.8 Pi 964 57Lt 406 59 Ba 954 4.4 Vo 
66.7 123 Ba 46.6 $118 Re 06.4 8.7 Pe 44.6 5.6 Ba 95.4 41 Lt 
175654 j 5 Bu 97. 6 Pe 6 48M 963 4.5 Vo 
59.7<12.9 Ba 97.4 56 Vo 45.6 5.7 Bu 964 42L 
V Draconis u Lt 
= . 14004 59Lt 466 5.5 Bu 97.4 43 Vo 
66.7 148 Ba RZHerculis 56L 466 56Re 14004 41 Lt 
1459.7 97 Ba 994 477 52R 064 42Lt 
183308 024 59 Be 484 52L 064 45 Vo 
X Ophiuchi 025 56L 486 5.3 Rd 185634 
1390.5 84Lt 034 58Be 494 51 L ZL 
. 924 84L 034 59 Pe 49.6 5.7 Re B 
180531 925 84Lt 044 5.7 Pe 496 5.5 Bu 
T Herculis 93.4 82 Vo 054 58Be 497 49R 190108 
1382.4 85 Lt 963 81Vo 064 58Pe 50.7 48R R Aquilae 
83.4 8.8 Ls 8.3 Lt 06.4 8.8 Lt 51.6 5.4 Rd 13824 61 Lt 
3 Lt ’ 7Vo 516 560 £834 61Lt 
93.4 82Lt 025 79L 065 54L 51.7 52Pi 85.4 6.0 Vo 
96.5 82Lt 065 83 Lt 074 57 Be 528 6.0 Mu 90.5 60 Lt 
14004 82Lt 176 850 084 57L 538 5.8 Mu 90.5 6.3 Vo 


: 
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192743 193732 
R Aquilae R Sagittarii AF Cygni TT Cygni x Aquilae 
Est.Obs. Est.Obs. Est.Obs. Est.Obs. Est.Obs’ 
242 
1391.4 6.0 Lt 1459.6<11.5 De 1382.4 6.9 Vo 1397.4 7.1L 14186 10.4 Re 
924 61Lt 606 11.9 Ba 824 71 Lt 14074 72L 25.7 114M 
92.4 6.1 Lt 83.4 71Lt 29.4 7.6L 26.6 11.0B 
93.4 6.1L 191033 84.4 69 Vo 346 82M 38.7 11.3 Wh 
934 61 V0 py 894 70 Vo 406 74Ba 41.6 120B 
945 61 Lt 0 90.5 68 Vo 483 7.9L 51.6 124B 
954 61 Lt 70 Lt 55.6 83 Pi  53.6<11.5 Wh 
95.4 62 V0 gg 924 69 Lt 60.6 84M 60.7 12.8 Ba 
96.4 62Lt 934 6.8 Vo 60.6 7.0 Ba 194632 
96.4 63 V0 gg 6.9 Lt 194048 x Cygni 
97.4 6.3 Vo 95.4 68 Vo RTC 1382.4 9.9°Lt 
08.5< 10.0 L ygni 
1400.4 6.4 Lt 95.4 6.9 Lt 138934 7.4 Lt 90.5 10.3 Lt 
09.5< 9.6 L 
01.4 62L 96.3 68 Vo 9 92.4 10.3 Lt 
18.4< 9.2L 9.5 7.6 Lt 
02.4 «6.5 Lt 96.5 6.8 Lt 93.5 10.4 L 
20.4< 10.5 L 92.4 7.7 Lt t 
06.4 7.0 Vo ; 1400.4 6.8 Lt 94.5 10.4 Lt 
22.4<10.0 L 93.4 8.2 Vo 
06.6 6.5 L 92L 06.4 67 Lt 954 81 Vo 95.4 10.1 Pe 
10.6 65B 95 L 06.4 7.0 Vo 954 78 Lt 96.4 10.5 Lt 
25.7 95745190 L 192928 96.4 8.1 Vo 004 10.7 Lt 
31.5 7.2L ; TY Cygni 1400.4 8.0 Lt 024 10.7 Lt 
28.5< 9.6 L 
40.6 69B 94- 97 L 1459.6 14.6 M 06.4 83 Lt 03.4 10.7 Pe 
40.6 7.0 Ba 30.4 60.6<12.9 Ba 464 g07T 04.4 10.7 Pe 
A< 
494 81L 39.4-100 L 66.7 144M 17.7 87 De 06.4 10.7 Pe 
59.6 87 Wh 66.7 145 Ba 256 900 064 108 Lt 
60.6 84M 228<11.0 Ba 56 8. 20.4 113 L 
60.6 7.7 Ba 2*4<100 L 193311 
34.4<10.0 L RT Aquilae : ’ 
67.6 86B 397-415 Ba 1460.7 13.0 Ba 22:5 90M 34.4 11.9 L 
190529 49.4< 10.0 L 32.7 94Mu 346 11.8M 
V Lyrae 49.7<10.0 R 193449 32.7 9.0 Ba = 12.3 M 
1460.6<13.3 Ba 597<10.5 R R Cygni 34.6 10.2 11.8 Wh 
190926 58.6 11.0 Ba 1400.4<12.1 Pe 38.6 97 0 6 11.9 B 
X Lyrae 59.6 108 Ba 06.4 11.8 Pe 40.6 9.7 Ba 59.7 12.8 M 
1423.6 86M 60.6 105 Ba 064 121 Lt 446 98M 194700 
40.6 91 Ba 627<95R 164<1007T 47.6 103 Wh Aquilae 
60.6 88 Ba 17.7 10.5 De 48-6 10.2 Bu 14065 42L 
60.6 9.0 M 191350 2996 104M 516 1050 074 3.7 Be 
67.6 920 TZ Cygni 32.7 10.7 Mu 959.7 11.3 M 07.4 4.0L 
190967 1440.6 10.6 Ba 32.7 108 Ba 606 111 Ba 085 3.6L 
“tana 60.6 10.8 Bu 33.6 10.5 Bu 66.7< 9358 095 3.7L 
1425.7 123 M 40.6 9.7 Ba 194232 09.5 3.7 L 
616 110M 191637 446 94M SY Cygni 11.4 3,7 Be 
667 10.8 M U Lyrae 48.6 9.1 Bu 1447.6 10.8 M 143 3.8L 
667 105 Ba 14387 10.9 Ba 51.6 10.0 0 194348 174 40L 
60.6 9.6 Ba 526 9.0 Wh TY Cygni 18.3 3.9 L 
W Aquilee $9.7 8.5 M 1396.4< 9.5 Vo 3.8 Be 
60.6 7.9 Ba A 
1460.6 78M ZvVulpeculae 62.7 84R 22.4 3.6L 
T Sagittari 14264 757 66.7 84S 235 37 L 
1402.6 114 L 334 %%73T 66.7 8.8 Mu 48.6 11.6 Bu 
23.5 12.0 L 192576 193509 
33.6 10.5B UX Draconis RV Aquilae 6 110 Ba 504 36L 
34.4 11.8 L 1383.4 6.7 Lt 1431.6 10.0 Wh 194604 30.3 3.7L 
191019 90.5 68 Lt 32.7 1010 X Aquilae 315 3.9L 
R Sagittarii 92.5 68 Lt 40.6 10.3 Ba 1397.4 10.5 L 32.4 4.0L 
14126 86L 934 68Lt 51.6 1080 1407.4 10.8 L 33.3 41 L 
23.5 99L 965 68Lt 536 113Wh 07.7 105Sp 344 41L 
34.4 109L 14005 69 Lt 606 1120 106 106B 35.4 42L 
38.7 11.0 Ba 06.5 69Lt 60.7 118 Ba 16.6 106 Bu 37.5 3.7 L 
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2 201647 
i Sagi SV Cygni R Sagittae _  U Cygni 
J.D. rots. rote. J.D.  Est.Obs. 
= 6 88M 1407 7 90S 390 5 83 Lt 
3 3.8L 13486 5.5 Rd 1442. . .0 Sp 
41L 493 53L 599 81 Ba 276 93M 924 83 Lt 
504 38 L 497 56R 656 90 We 32.7 890 £965 83 Lt 
195116 50.4 5.8L 66.7 88 Mul433.4 1400.4 85 Lt 
S Sagittae 50.7 62R 686 80B 347 91R 064 86Lt 
1398.4 54 Be 51.6 5.80 200747 35.6 89B 146 71M 
99.4 5.9 Be 51.6 6.0 Rd 35.7 9.3 R 16.4 8.6 T 
RX Cygni 4Wh 264 947 
14023 63L 60.6 610 44397 “go My 3987 8. 
02.4 6.1 Be 1462.7 58R my 40-7 88 Ba 276 86 Re 
034 61L 666 6.00 ' 47.6 85M 276 82 Bu 
03.4 6.1 Be 676 600 200715a 47.7 93R 32.7 81 Mu 
053 5.5L 776 610 S Aquilae 9.7 93R 33.6 10.4 De 
05.4 5.4 Be 195849 1395.6 10.3 L 50.7 93R 36.4 947 
06.4 5.3 Be Z Cygni 1407.4 10.3 L 62.6 93 40.7 7.6 Ba 
065 53L 43995 92 Lt 07.4 98L 62.7 9.3R 42.8 87M 
07.4 52 Be 994 921t 07.7 9.5 Sp 63.6 87 Wh 52.6 9.5 Wh 
07.4 55L 934 096 95L 674 599 7.8 Ba 
07.6 60 Rd 954 O3 Lt 244 95L 68.4 917 66.7 9.28 
08.5 964 93 Lt 27.6 94M 200938 66.7 8.0 Mu 
09.5 5.7L 14004 9.4 Lt 29.4 94L Cygni 
146 017 85 Sp 327 940 1390.5 8.1 Lt 202539 
163 5.6L 064 97Lt 337 94R 924 80Lt Rw Cygni 
166 58 Rd 196 88B 35.6 9.5B 95.5 7.6 Vo 4397.4 95 L 
173 58L 164 897 387 96Wh 964 7.7 Vo 14146 94M 
176 610 264 927 40.7 93Ba 965 77Lt 96 L 
183° 59L 296 100M 47.6 96M 97.4 7.7 Vo 97% 9.2 Re 
19.7 6.3 Mu 32.7 111 Mu 494 99L 14004 77Lt 976 94 Bu 
7 204 57L 336 99B 49.7 98R 014 72L 344 OSL 
24 53L 364 917 50.7 100R 064 7.7Lt 407 86 Ba 
23.5 5.3L 40.7 10.4 Ba 074 75L 426 92M 
25.3 5.9L 446 11.0 M 200715b 146 74M 596 93 Wh 
25.6 600 11.4 Bu. RW Aquilae 994 751 
26.6 6.0 Rd 496 11.6 Bu 1407.7 91 Sp 394 76L 202817 
273 6.0L 596 116Wh 27-6 90M 497 72 Ba Z Del 
. 32.7 930 phini 
235 5.6L 597 11.9 De 426 84M 14596 499 B 
28.7 6.0 Mu 646 121B 33:7 88R 493 774 38.7<117 Wh 
294 5.5L ¢667<11.0 Mu 268 9%2B 596 75 Wh 3872115 M 
29.8 5.7 Mu 35.7 8.7 R 201008 
30.3 200212 37.7 88R R Delphini 53.6 136 B 
30.9 5.4 38:7 9.4 Wh 1432.60.80 -59.6<11.7 Wh 
wh 22:7 9.0 Ba 38.6<11.5 Wh 
318 5.5 Mu 566 47:6 86M 506 1258 202946 
324 52L its Ba 422 90R  53.7<11.5 Wh SZ Cygni 
32.6 5.70 492 86R 60.7 122 Wh 1401.4 9.8L 
32.8 5.7 Mu wh 86R 616 121M 034 101 L 
333 55L S28 928 201130 05.4 10.0 L 
33.7 5.7 0 62.7 8.9 R SX Cygni 07.4 10.5 L 
33.7 5.6 63.6 9.5 Wh 1401.7<13.5 Sp 146 95M 
33.7 6.0 Mu 53.6 87B 16.4 937 
344 5.7L 1401.7<13.5 Sp RU Anuilae 61.6 93M 166 9.0 Ba 
348 5.8 Mu 47.6<12.4 Whi 201521 176 9.5 Ba 
$54 597 125M 33’ RT Capriconi 177 95 De 
35.7 64R 200647 596 136B 13956 78L 224 101 L 
35.7 56L SV Cygni 14026 71L 24 927 
37.6 5.6 Rd 1427.6 86M 200906 066 79L 274 95L 
37.7. 5.9R 27.6 88Re Z Aquilae 23.5 69L 2294 94L 
37.9 5.4 Mu 27.6 9.0 Bu 1438.7<12.0Wh 31.6 71L 304 97L°: 
38.7 5.60 32.7 86 Mu 506 102B 37.7 75Pi 324 98L 
453 40.7 85 Ba 596 96B 40.7 68Ba 337 96R 
477 57R 416 81B 59.7 95Wh 59.7 7.8 Wh 344 100 L 


a 
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SZ Cygni 210116 
].D. Est.Obs. § Delphini U Delphini RS Capricorni W Cygni 
242 J.D. Est.Obs. J.D. Kst.Obs. J.D. Est.Obs. _ J.D. Est. Obs. 
1434.6 9.1 Ba 242 242 242 42 
35.7 94R 1459.6 10.0 Wh14285 6.7L 13966 86L 14004 6.5 Lt 
36.4 93T 616 94M 294 66L 1406.6 82L 014 62L 
37.7 97R 626 94B 354 68L 236 85L 03.4 6.7 Pe 
38.7 95 Ba 686 97B 494 68L 316 84L 03.4 5.8L 
40.6 92B 37.7 85 Pi 954 6.0L 
40.6 9.8 Ba 203847 204318 59.7 8.0 Wh 06.4 6.4 Lt 
426 9.0M V Cygni V Delphini 60.6 84Bu 065 6.1L 
44.6 8.9 Ba 14256 114B 14266 121 B 210504 164 5.9L 
477 95R 536 105B 33-7<1050 quarii 18.4 5.9L 
49.7 98R 34. 12.4 Ba 1466.6 ry Bu 234 S57 L 
50.6 103Wh 93905 36.6 12.4 B “210868 29.4 5.8L 
50.7 98R 4 59.6 12.5 B 34.4 5.6L 
Y Aquarii T Cephei 35 : 
286 86 Ba 1438.7 11.8 M 204405 1390.4 WW2Lt 
T Aquarii 90.5 10.2 Vo 
60.6 88 Ba q 50.4 5.7L 
62.7 93 R 204016 1376.5 7.9 Lt 92.5 10.2 Lt ; . 
T Delphini 90.5 83 Lt 96.5 10.3 Lt 213678 
676 98B 14834 93 Lt 995 84 Lt 1400.5 103Lt § Cephei 
90.5 <9.0 Vo 944 85 Lt 03.4 101 1427.7 108M 
ST Cygni 92.4 9.3 Lt 4400.5 8.7 Lt 16.6 106 Re 466 113M 
96.5 9.4 Lt 7 10.9 Ba 29.4 10.2 L 
27.6 11.5 Re 32.7 10.9 Ba 213753 
1400.5 9.6 Lt 387 41.4 Wh 27.7 103M 
27.6 11.2 Bu 7 11.4 Wh RU Cygni 
336 110B 93Sp 387 102M 366 98B 43974 90 L 
346 112M 97Lt 416 11.7B 40.7 9.6 Ba 14138 90M 
40.7 101 Ba 26  51.7<11.0 Pi 466 97M 994 g5L 
646 99B 387 104M 616<102M 516 950 
40.7 10.4 Ba 204846 60.6 910 
59.6 11.0Wh RZ Cygni 67.6 9.00 213843 
203226 61.6 11.4 M 44976 11.8 Re 69.6 8.1 Wh ey 
V Vulpec. 62.6 11.7 B 27.6 11.9 Bu 77.6 9.00 92.4 
14138 89M 686 118B 346 11.7 Ba 211614 - = 
16.4 827 X Pegasi < Vo 
264 86T Delphini 205017 1432.6<13.5 Ba y 
33.4 9.07 X Delphini 66.6 12.1 Bu 
1383.4 6.6 Lt 97.4 83 L 
36.4 9.2 T 844 65 Vo 1448.6 < 13.3 B 211615 14014 BIL 
38.7 92Wh 66 Vo °9-6<13.5B Capricorni 
40.7 8.9 Ba 14327116 Ba 85 Sp 
453 877 2905 66 Lt 205923 6 Ba 024 
603 66 Lt 1383.4 8.7 Lt  W Cygni 03.4 8.6 Pe 
616 90M %4 65 Vo 995 seit 824 67L 054 82L 
663 9.0 7T 96.5 6.5 Lt 92.55 8.5 Lt 83.4 6.7 Lt 06.4 8.6 Pes 
673 847 66 Vo 944 86 Lt 844 64 Vo 064 86 Lt 
683 85 7 14005 65 Lt 964 7Lt 904 67Lt 065 84L 
05.4 6.7 Be 4400.4 8.9 Lt 90.5 6.7 Vo 07.7 9.0 Sp 
06.4 65 Vo 065 91Lt 924 65Lt 085 86L 
203611 06.5 65Lt 138 90M 924 62L 09.5 94L 
Y Delphini 06.5 38.7 11.0 Wh 93.4 66 Vo 106 99B 
14596 135B 074 66L 6096 117 Bu 93-4 66Lt 10.7 10.3 De 
09.5 6.6 L 60.6 11.7Wh 944 6.6 Lt 12.8 10.3 M 
203816 144 66L 697 114M 954 67 Vo 13.6 11.6 Wh 
S Delphini 18.3 6.7L 96.3 66Vo 13.8 10.8 M 
1433.6 91B 204 66L 210129 96.4 69 Pe 144 104L 
38.6 9.5 Wh 224 67L TW Cygni 96.5 65 Lt 14.6<10.9M 
38.7 91M 23.5 67 L 14346 113B 973 65 Vo 16.4<10.9T 
40.7 88 Ba. 253 61.6<115M 974 68Pe 164 11.2L 
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VARIABLE STAR OBSERVATIONS, July,Aug.-Sept., 1917—Continued. 


220714 
SS Cygni SS Cygni SS Cygni RS Pegasi 
J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. J.D. Est.Obs. 
242 242 242 
1416.6 11.5 Re 1440.6 11.3 B 1466.6 9.1B 1432.7<13.0 Ba 
16.6 11.6 Bu 40.6 114 Re 666 88S 34.7<13.5 Sp 
17.6 11.6 Ba 40.6 115 Bu 666 87 Bu 666 11.9B 
18.4 11.7L 406 11.3 Ba 666 850 
18.6 11.8 Bu 416 116B 66.7 90M 222439 
20.4 118 L 426<11.3M 66.7. 9.1 Mu_ S Lacertae 
22.4 117L 446 116 Ba 668 9.1 Ba 1434.7 10.2 Wh 
243 1.5L 446 116B 673 947 «496 9.0 Re 
253 115 L 453 <90T 676 900 49.6 9.6 Bu 
25.6 11.5 M 453<100L 676 96B 526 9.2 Wh 
256 115B 45.6 11.7 Bu 67.7 95M 67.6 890 
26.6 115B 456 116B 686 98B 67.6 87B 
26.6 11.5 Re 45.6 11.5 Re 686 99 Bu 776 840 
26.6 11.2 Bu 466 11.7M 686 9.5 Re 22512 
27.3 11.8L 466 11.7 Bu 77.6<1040 
274 466 11.7B 213937 1432.7 104 B 
27.6 11.6 Re 46.6 11.5 Re RV Cygni 517 11.0 Pi 
27.6 11.5 Bue 47.6<11.7 M 14014 62L 
29.4 11.5 L 47.7<10.9 R 74 63 L 225914 
29.6<10.9 Re 48.3 11.0 L 16 78 7 RW Pegasi 
29.6<10.9 Bu 48.6 11.2B 25.4 6.2L 44397 13.0 Ba 
wa 48.6 11.4 Bu 25.7 7.7M 39.8 12.1 M 
30.6 11.5 B 49.4 10.9 L 26 49.6<12.1 Re 
30.7 11.3 Sp 49.6 11.4 Re 33 8.7 T 49.6< 121 Bu 
31.7 11.3 Wh 49.6 11.3 Bu 40.7 6.5 Ba 60.6< 12.1 Wh 
32.4 99L 49.7<109R 41.6 68B 
32.4 <95T 503 109L 426 78M 230110 
32.6 10.2 Ba 50.6 113B 59.9 68 Ba R Pegasi 
32.6 1020 50.7<109R 66 78% 1432.7<128 Ba 
3 32.8 10.1 Mu 51.6 11.1B 666 7.8 Bu 37.7<10.1 Pi 
33.3 98 L 516 <96S 676 7.0 B  58.7<10.1 Pi 
33.4 <9.5 T 51.6<10.4 O 214024 59.6 12.6 M 
33.6 10.4 De 51.7 108 Pi RR Pegasi 66.6<11.3 Bu 
33.6 9.7 B 52.6 11.5 Wh 4432.7<13.0 Ba 
33.7 1000 536 110B  347<13.4 Sp 230759 
343° 9.6L 556 11.3 Pi 41.7<11.6 Wh. ,V, CaSsiop. 
34.6 9.7 Ba 586 96 Ba  60.6<11.6 Wh 9.5 De 
346 96B 596 102M 666<116 Bu 86 Sp 
346 98M 596 9.6 Ba 215605 40.7 88 Ba 
34.7 98Wh 596 98B 45.6 9.4 Bu 
347 59.7 9.7 Why Ba Wh 
. 35.4 94L 60.35 10.27 wh 8.0 Pi 
35.6 9.5 B 60.37 10.0 Bu 7-5 M 
35.7 87R 606 98M BU 65.6 8.0 We 
36.4 106T 60.6 9.0 Ba 215934 66.6 7.5 B 
36.6 97B 606 95B RT Pegasi 67.6 7.70 
36.6 <9.6 Rd 606 9.20 1432.7 11.7 Ba 776 740 
37.5 96L 60.6 9.7 Re 
376 99B 606 98 Bu , 220412. 231425 
37.7 10.1 Rd 616 93M __T Pegasi W Pegasi 
37.7 10.0 Pi 61.6 92S 1432.7 10.8 Ba 14327 9.5 Ba 
37.7 103Sp 626 88B 347 103Sp 39.8 103M 
384 1117 626 91R 666 124B 61.6 110M 
38.6 10.5 Ba 626 93Wh 220613 
38.6 1050 646 90B  Y Pegasi 
38.7 103M 648 88M 1432.7<13.0 Ba 231508 
39.8 106M 658 91M  34.7<135 Sp S Pegasi 
40.4<111T 663 907  666<13.3B 1432.7 10.9 Ba 


J.D. 
242 


232848 
Z Androm. 
Est.Qbs, 


9.4 Bu 
68.6 9.0 Re 
68.6 8.7 Bu 


233335 
ST Androm. 
1427.6 8.8 Re 
9.1 Bu 
Pi 


1445.6 


www 

CUR 

wn 


co 


R Aquarii 
1402.6 


68.6 
68.6 11.6 Bu 


235525 

Z Pegasi 
1468.6 11.2 Re 
68.6 10.9 Bu 


SV Androm. 
1437.7 11.6 Sp 

59.7 12.1 De 

62.7 12.2 Wh 


7 233815 
23.6 9.5 L 
28.5 
235182 
: V Cephei 
4 1390.5 6.7 Lt 
q 92.5 6.7 Lt 
96.4 6.6 Lt 
1406.4 6.6 Lt 
235350 
4 R Cassiop. 
1435.6 11.0 B 
: 40.7 11.7 Ba 
61.6 11.4M ‘ 
4 235855 
4 Y Cassiop. 
1375.5 10.3 Lt 
: 90.5 9.7 Lt 
94.4 9.6 Lt 
2 96.5 9.5 Lt 
1400.5 9.3 Lt 
06.5 9.1 Lt 
235939 
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July-Aug. Aug.-Sept. 
No. of observations 1298 1042 
No. of stars observed 196 230 
No. of observers 22 - 18 


Miss Dorothy Reed and Miss Ada Weber, who lately joined the Association: 
contribute their first observations to this report. Exceptionally creditable lists were 
received this month from Messrs. Bancroft, Lacchini and McAteer. Mr. Bancroft 
made 179 observations of 144 variables. Mr. Lacchini 194 observations of 47 stars, 
Mr. McAteer 142 observations of 114 stars. We have now passed the 70000 obser- 
vations mark and are still averaging over 1000 observations a month. 

Mr. R. W. French, late of the Observatory at Honolulu, has been called to 
military service as a Captain of a Machine-Gun Section. The best wishes of the 
Association are tendered Captain French. Mr. Bryan of Honolulu will continue to 
cooperate with us. 

Valuable observations of southern variables are now being contributed by 
Mr. Bernard Dawson of the National Observatory of La Plata, Argentina. 

Messrs. Bancroft and McAteer recently spent an evening together at the Alle- 
gheny Observatory observing with the 13” refractor. They observed stars as faint 
as 15.0 magnitude and contribute valuable observations to this report. 

The irregular variables, 213843 SS Cygni and 154428 R Cor. Bor., are the inter- 
esting features of this report. An anomalous maximum of the former was well 
observed and the amazing vagaries of the latter have been closely followed as a 
glance at the report attests. 


The following list of calculated dates of maxima is cited from Hartwig’s 
Ephemeris. 


SEPTEMBER OcToBER 
Date Star Date Star 
3 054920 U Orionis 1 200906 Z Aquilae 
4 132422R Hydrae 2 015354 U Persei 
6 053531 U Aurigae 4 235525 Z Pegasi 
13 001838 R Andromedae 8 0019098 Ceti 
16 181136 W Lyrae 8 190108 R Aquilae 
19 203816 S Delphini 8 163137 W Herculis 
21 004533 RR Andromedae 9 055353 Z Aurigae 
21 050022T Leporis 9 220714 RS Pegasi 
22 165631 RV Herculis 12 211614 X Pegasi 
24 081733 T Lyncis 13 205923 R Vulpeculae 
24 140113 Z Bootis 15 202954 ST Cygni 
24 160118 R Herculis 15 070122a R Geminorum 
24 181103 RY Ophiuchi 16 193449 R Cygni 
27 200325 W Vulpeculae 17 021024 R Arietis 
27 142584 R Camelop. 19 012502 R Piscium 
30 143227 R Bootis 19 022813 U Ceti 
21 
26 
27 
30 
31 


162807 SS Herculis 
015912 S Arietis 
043274 X Camelop. 
061647 V Aurigae 
021403 o Ceti 
The following observers contributed to this report :—Messrs, Bancroft, Bouton, 
Burbeck, Dawson, Delmhorst, De Perrot, Lacchini, Luyten, McAteer, Meeker, Mundt, 
Nolte, Olcott, D. B. Pickering, Richter, Spinney, Reardon, Vogelenzang, Whitehorn, 
Yendell, Miss Reed, Miss Swartz, Miss Weber. 


WILLIAM TYLER OLCortT. 


Corresponding Secretary. 
Norwich, Conn. 


Sept. 10, 1917. 


Comet and Asteroid Notes 


COMET AND ASTEROID NOTES. 


Encke’s Comet.—A cablegram received at Harvard College Observatory 
from Copenhagen states that Encke’s Comet was observed by Wolf, at Heidelberg. 
September 14.5531 G. M. T., in R. A. 205 5™ 36%, Dec. +13° 16’. The comet was of 
magnitude 12, 


New Comet c 1917 (Wolf).—The observation, reported as one of Encke’s 
comet by Wolf on September 14, turns out to be one of a new comet instead 
of Encke’s. It was observed again by Schon and Kobold on September 21. The 
following are all the positions which have come to hand: 


Gr. M. T. R. A. Dec. Observer Place 
h m ° , ” 
Sept. 14.5531 20 05 36 +13 16 Wolf KOnigstuhl 
21.4104 19 31 00 +12 53 43 Schon and Kobold = 


The comet is very faint. 


Comet 5 1916 (Wolf).—This comet is now in the constellation Pisces 
just south of the Square of Pegasus, as indicated upon the diagram in our last issue 
(p. 476). It will move slowly southward during October, turning a little eastward. 
During November the turning movement will be more rapid, and at the end of that 
month the comet will be moving almost due east and will have just entered the 
constellation Cetus. 

The comet is disappointingly faint. On September 17 it had a stellar nucleus 
of about magnitude 9.5, a faint diffuse coma, and the tail could scarcely be seen 
at all. 


Wolt’s Comet.—Surprise and disappointment has been expressed by several 
astronomers that this comet has not made a more brilliant display at its recent 
opposition. It was even suggested by some that it might be a brilliant naked eye 
object. This was due to its early discovery, over a year before perihelion passage. 
Its faintness was of course due to its large perihelion distance 1.687, corresponding 
to log g = 0.2271. An examination of cometary statistics however, such as those 
contained in H. A. 61 Tables 34, 66, 67, and 68 shows that the comet has only 
followed former precedent. Of the forty comets appearing prior to 1910 of which the 
log gq exceeded 0.2000, corresponding to a perihelion distance of 1.585, only four 
were visible to the naked eye, and two of those, 1729 and 1811 II were on the limit 
of visibility. Of the others 1889 I could be seen without a telescope as a faint hazy 
object for about a month. The other, Holmes’ comet of 1892 III, was visible for 
about the same length of time, and was brighter than the nebula in Andromeda, 
near which it was discovered. At its several returns since that date it has been 
exceedingly faint, and only visible in large telescopes. If Wolf's comet had been 
readily visible to the naked eye it would therefore have been a most unusual and 
surprising circumstance. 


WILLIAM H. PICKERING. 
Aug. 23, 1917. 
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Ephemeris of Comet 5 1916 (Wolf.) 
[Continued from page 477. From the Lick Observatory Bulletin No. 295.] 


1917 G.M.T. True a True 6 log A Br. 
h m 8 or w 
Oct. 1.5 23 38 143 —0 08 45 
2.5 38 14.4 28 55 0.0812 
3.5 38 15.2 0 48 41 
45 38 16.8 1 08 02 0.0891 1.22 
5.5 38 19.1 26 57 
6.5 38 22.2 1 45 27 0.0972 
7.5 38 26.1 2 03 31 
8.5 38 30.8 21 09 0.1055 1.10 
9.5 38 36.4 38 20 
10.5 38 42.8 2 55 05 0.1141 
11.5 38 50.2 3 11 23 
12.5 38 58.4 27 14 0.1227 0.99 
13.5 39 07.5 42 39 
14.5 39 17.6 3 57 37 0.1315 
15.5 39 28.6 4 12 08 
16.5 39 40.6 26 13 0.1404 0.89 
17.6 39 53.6 39 51 
18.5 40 07.5 4 53 03 0.1495 
19.5 40 22.4 5 05 49 
20.5 40 38.2 18 09 0.1586 0.79 
21.5 40 55.0 30 04 
22.5 41 12.8 41 33 0.1678 
23.5 41 31.6 5 52 37 
24.5 41 51.3 6 03 16 0.1770 0.71 
25.5 42 12.0 13 31 
26.5 42 33.6 23 21 0.1863 
27.5 42 56.2 32 48 
28.5 43 19.8 41 51 0.1956 0.63 
29.5 43 44.4 50 31 
30.5 44 09.8 6 58 49 0.2049 
Oct. 31.5 44 36.2 7 06 44 
Nov. 1.5 45 93.4 14 17 0.2142 0.56 E 
2.5 45 31.6 21 29 
3.5 46 00.6 28 20 0.2235 
4.5 46 30.5 34 50 
5.5 47 01.3 40 59 0.2327 0.50 
6.5 47 33.0 46 48 
7.5 48 05.5 52 18 0.2420 
8.5 48 38.8 7 57 28 
9.5 49 13.0 8 02 20 0.2512 0.45 
10.5 49 48.0 06 53 
11.5 50 23.9 11 08 0.2603 
12.5 51 00.6 15 05 
13.5 51 38.0 18 44 0.2694 0.40 
14.5 52 16.3 22 06 
15.5 §2 55.3 25 11 0.2785 
16.5 53 35.1 28 00 
17.5 54 15.7 30 33 0.2874 0.36 
18.5 54 57.0 32 50 
19.5 55 39.1 34 52 0.2964 
20.5 56 21.8 36 39 
21.5 57 05.3 38 12 0.3052 0.32 
22.5 57 49.5 39 30 
23.5 58 34.3 40 35 0.3139. 
24.5 23 59 19.8 41 26 
25.5 0 00 06.0 42 05 0.3226 0.29 
26.5 00 52.8 42 31 
27.5 01 40.2 42 44 0.3312 
28.5 02 28.2 42 44 
29. 03 16.9 42 33 0.3397 0.26 


Nov. 30.5 004 06.1 —8 42 10 


552 Communications 


Ephemeris of Asteroid (349) Dembowska. 


Greenwich Midnight a ri) Log r Log A 

Nov. 24 5 03 38 +30 53 00 0.44294 0.25908 

28 4 59 40 +30 59 34 0.44342 0.25709 

Dec. 2 4 55 33 +31 04 28 0.44390 0.25613 

& 6 4 51 22 +31 07 30 0.44440 0.25633 

10 4 47 11 +31 08 29 0.44490 0.25761 

14 443 6 +31 08 04 0.44540 0.26004 


FRANK E. SEAGRAVE. 
Boston. Aug. 28, 1917. 


COMMUNICATIONS. 


A Solar Halo.—While in Saginaw Michigan on August 29, I saw a sun _ halo. 
I had read of them but had never seen one. Inasmuch as I understand that such 
halos are 221% or 46 degrees radius, the one I saw must have been 221 degrees. 

The halo was unbroken, circular, except that it appeared to be flattened at the 
north. The colors were as distinct as in most rainbows with red on the inside. 


N 


Halo seen by Richard E. Schmidt at Saginaw, Mich., August 29, 1917. 


To the southwest of the sun was another colored arc with red also towards the 
sun. The radius of this arc appeared to be larger than that of the halo. Another 
arc, much fainter in color than the others, was tangent to the halo on the north: 
then there was a white luminous arc of very large radius, centered directly north, 
passing through the sun and the halo. This arc did not pass outside of the halo on 
the east but was very strong for some distance in the west. 
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I first noticed this phenomenon at 2:10, central time, and it remained in view 
for fully an hour. : 

The sun was behind a large light cloud at the time, which screened the sun 
rays only partially. I enclose a sketch of the halo and arcs. 


RICHARD E. ScHMIDT. 
Chicago, Ill. 


113 Bellevue Place. 


Solar Observations with a 6-inch Helioscope, power 60, made by E. C. 
Gray, North Jay, Maine. 

July 15, 10:45 a.m., E.S. T. Large cluster on east of disc. 1 large spot and 
20 small spots. 

July 16, 32 spots. 

July 21, 12:30 p.m. One cluster of 2 large and 6 small spots. A large cluster 
just coming in sight on E limb. 

July 25, 12:30 p.m. 3 round spots, 1 cluster of 14 spots. 1 of 17 spots and 1 of 
10 spots. 

July 27, 12:30 p.m. Spots much the same except change in position. Heavy 
wind and thunder shower in the afternoon. 

July 28, 12:30 p.m. 2 clusters about midway of disc. 1 cluster of 5 spots 
on E limb. 

Aug. 7, 12:30 p.m. Large cluster on E limb. 

Aug. 8, 12:30 p.m. Counted 58 spots. 

Aug. 9. Cloudy but cleared in evening between 9 and 9:36 p.m. A fine display 
of Aurora was visible, extending over the Northern heavens from the east far into 
the northwest and into the south beyond Vega. 

Aug. 11, 109 p.m. 60 spots. 

Aug. 18. 12:30 p.m. 2 large clusters in center of disc, small cluster on E limb. 

Aug. 19, 10:30 a.m. Noticed 1 cluster of 25 spots. 

Aug. 20, 12:15 p.m. Much as yesterday. Spot on E limb is changing shape. Two 
very heavy thunder showers this afternoon and one during the night. The heaviest 
I ever saw in this place. 

Aug. 31, 12:30 p.m. Small spot coming on E limb. Cluster on W limb just 
going out of sight. 

Sept. 2, 2:15 p.m. Sun’s disc quite clear. 2 small clusters on west of disc. 
3 large spots followed by seven small spots on E limb. 

FRANK H. WELCH. 
Brunswick, Maine. 
14 Bank St. 


A Peculiar Auroral Phenomenon.—It may not be of much interest 
but I write to give you a description of a rather unusual feature of an auroral 
display witnessed on the night of August 14,1917. In the north there was a very 
fine and interesting display of the usual kind—light and rose colored streamers and 
fingers radiating toward the zenith with quivering, wavering, uncertain motion. But 
in the west about 20° or 25° above the point where the sun had set, there was 
what appeared to be a small cloud probably six or seven times the apparent area 
of the sun or a full moon. It seemed to be lighted by reflection from the sun but I 
could not believe that it could be lighted by the sun at that time—9:25. 

I could not believe it a part of the auroral display as it was at a considerable 
distance from that field, which was inthe N. E. After giving my attention for a 
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moment to the fascinating display in the N. E. I turned again to the “cloud” when 
lo! it had expanded into a beautiful and brilliant bow, spanning more than 90° of 
the celestial vault reaching from the point of apparent sunset to the galaxy and 
ending near the constellation Aquila. 

Now the points that made this apparition interesting were its symmetry of 
form and its stability. Its arch seemed to mark the exact path of the sun for that 
day. It was uniform in size and brilliancy from the horizon to the zenith, There 
was absolutely no motion or changing of form or place, as is so characteristic of 
auroral displays. It appeared like a cylindrical roll of rather soft wooly cloud whose 
cross section would be about twice the apparent area of the sun. There was no 
color but it appeared as if brilliantly lighted by the reflected rays of the sun. 

The edges of this gigantic arch were slightly subdued in brilliance which gave 
it a cylindrical appearance. There was not the slightest tremor or wavering of its 
light, nor was there any color. It seemed so rea/ one could hardly connect it with 
the aurora. 

This brilliant arch remained as fixed in place and as immobile as a rainbow for 
from three to four minutes when it slowly disappeared; at 9:30 it was entirely gone. 

My point of observation is approximately Lat. 43° 50’, Long. 100° 50’. 


J. W. MILLIKAN. 
Murdo, South Dakota. 


Aug. 19, 1917. 


GENERAL NOTES 


Director Edwin B. Frost and Professor E. E. Barnard of the 
Yerkes Observatory have recently spent two weeks in Colorado and -Wyoming 
looking for suitable locations for observing the total eclipse of June 8 next. We 
hope soon to have from them some account of their investigations, which will 
certainly be of interest many of our readers, , 


Professor F. P. Leavenworth, director of the Observatory of the 
University of Minnesota, has been “doing his bit’ for the war this summer in 
Duluth. He was called there by the Government to teach a class in navigation, for 
service in the merchant marine, to equip the vessels which are to be built for 
.transatlantic use. 


Dr. C. C. Crump, who has been instructor in mathematics in Carleton 
College and assistant in Goodsell Observatory during the past two years, and who 
was elected last June to the directorship of the department of astronomy in Ohio 
Wesleyan University, has been drafted for military service and expects to go to 
Camp Zachary Taylor early in October. Dr. Crump has been spending his summer 
vacation in research work at the Yerkes Observatory. 


The War and Astronomy.—The world-wide conflict which is today ab- 
sorbing the energies of so many nations has not been able to withhold many 
scientists from continuing investigations of a purely speculative nature. So it has 
come about that during the past year astronomical activity has not sensibly 
slackened. As Professor Sampson has pointed out, many examples might be 
cited of important developments in astronomy occurring during the most disturbed 
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periods in history. Newton's immortal ‘Principia’ appeared during the great 
revolution in England; Hevelius and Gassendi exchanged their scientific correspond- 
ence at a time when all Europe was turned upside down; Kepler discovered his laws 
of movements of the planets during the great Thirty Years’ War; Laplace published 
his great work, the ‘Mécanique Céleste’, in the midst of the French Revolution 
Gauss quietly pursued his mathematical studies at a time when the army of 
Napoleon was invading Germany; and, finally, to come nearer home, the American 
astronomer Newcomb and Delaunay, the director of our national observatory, 
worked together in that observatory at the lunar theory whilst the Commune was 
terrorizing the capital. We shall now see how, even today, the disturbance which 
the war has caused in our lives is far from having brought about a cessation of 
astronomical investigation. [From the opening words of the Presidential Address 
delivered at the annual meeting of the Société Astronomique de France by Count 
de la Baume Pluvinel.] 


The Dominion Astrophysical Observatory.—From The Observatory 
for September we learn that the position of the center of the dome of the new 
observatory at Victoria, B, C., is 

Latitude 48° 31’ 15’’.70 N. 
Longitude 123° 25’ 02’.59 W. 

“The observatory is about 8 miles north of Victoria, but the headquarters and 
Post Office address are in the city. The Director is responsible directly to the 
Department of the Interior and is not subordinate to the Ottawa Observatory. The 
mounting, dome, and building have been completed for some months and they are 
only awaiting the mirror to start operations.” 


New Zealand Standard Time.—New Zealand has been using Standard 
Time 11" 30™ in advance of Greenwich Time since November, 1868. It is now 
proposed to change to 12" in advance of Greenwich mean time. The arguments in 
favor of the change are about the same as are being used in favor of the Daylight 
Saving movement in the north. It is not proposed, however, to put the clocks 
back in winter as is done in the European countries “for many of the advantages 
referred to would not be gained by an alteration in summer only.” 

The change was recommended by the council of the Wellington Philosophical 
Society on November 30, 1916. 


Nova Persei No. 2 Brighter.—A telegram received here from the 
Copenhagen Observatory, signed Belopolsky, states that from photographs taken 
between August 16 and 28, Nova Persei No. 2 has increased from 13 to 11.5 magn. 

The Nova now appears to have nearly the same brightness as in March, 1914, 
when three plates gave the magnitude 13.02 on the international scale. Two 
photographs taken here on September 5, 1917, show the Nova of the magnitude 
13.4. A plate taken August 17, 1917, does not show the Nova, although stars 
of the magnitude 12.2 are photographed. 

Epwarp C. Pickerinec, Director. 
Harvard College Observatory, Bulletin 643. 
Cambridge, Mass., U. S. A., September 6, 1917. 
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Nova Persei No.2.—Professor Barnard states that the magnitudes of Nova 
Persei No. 2, given below, were made visually with the 40-inch telescope, and 
depend on the magnitudes of the comparison stars in A. N. 159, p. 51. 

About December 16, 1916, when the Nova was faint, a faint nebulosity was 
visible extending 10” to 15” preceding it. See H. B.622. This has been seen as 
late as 1917 August 29, but it is difficult to see now because of the greater bright- 
ness of the Nova. These observations show that the Nova became very faint in 
the early part of the winter of 1916, and then brightened up in the latter part. of 
that winter. In the middle of August of the present year it was again faint, and 
then increased over one magnitude. 

The Nova is white, and there is no difference in the focus from that of an 
ordinary star, in the 40-inch telescope. Recent short-exposure photographs with 
the 2-foot reflector by Miss Gushee show the Nova to be ill defined, with traces of 
the nebulosity preceding it. 

MAGNITUDE OF THE Nova. 


C.S.T. Mag. C.S.T. Mag. 
d hm d h m 

1916 January 5 7 35 12.4 1917 February 1011 0 12.7 
December 9 9 0 13.8 20 645 12.6 

16 11 30 13.0 August 18 14 0 12.9 

21 8 0 13.1 25.13 0 125 

27 7 0 12.9 2915 0 11.9 

30 13 20 13.3 30 13 30) 11.6 

1917 January 23 9 10 12.0 September 5 13 35 12.1* 


*Very bad seeing. 
EDWARD C. PICKERING, 


Director. 
Harvard College Observatory, Bulletin 644. 


Cambridge, Mass., U.S. A. September 18, 1917. 


Faint Star with Large Proper Motion near a Centauri.—Professor 
Frank Schlesinger, director of the Allegheny Observatory, furnishes the following 
note, drawn from a private letter from Dr. Voute. 

Dr. Voute is a Dutch astronomer temporarily located at the Cape Observatory 
where he is making parallax determinations with the transit circle and also with 
the Astrographic Telescope. One of the objects on his observing programme is 
a faint star (visual magnitude 11.0) that was found to have a very large proper 
motion by the observers at the Union Observatory at Johannesburg. Dr. Voute 
finds that this star has practically the same proper motion as a Centauri, from 
which it is distant 2° 13’, and his determination of the parallax yields 0’’.755. 
which is also very nearly equal to that of a Centauri. The photographic magnitude 
of the star is only 13.5 so that it must be a red star. Intrinsically it is by far the 
faintest star yet discovered. 


Eclipse Suggestions.—‘From an Oxford Notebook”, in remarking on the 
American Ephemeris maps of the path of the total eclipse of June 8, 1918, makes a 
suggestion which it may be worth while considering. He says: “Doubtless American 
and Canadian observers will make good use of this fine opportunity, though their 
European colleagues may not be able to join them. Several important cities lie on 
the central line. Would it be possible to organize a large number of observations 
on the limits of totality, such as Otto Struve arranged (unsuccessfully) for the 
totally cloudy eclipse of 1887? His idea was to spread out a line of school-children 
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across the northern and southern boundaries at intervals of (say) 100 feet. and to 
get from their testimony the point at which the moon just covered the sun. In 
this way accurate information about the relative diameters and places of the sun 
and moon might be obtained. Opera-glasses, smoked with camphor, would, of 
course, be a help if available.” 


Private Observatory at Duluth.—Mr. J. H. Darling has recently com- 
pleted an observatory at Duluth, Minnesota, and installed a 9-inch refractor, This 
is for the owner’s private use, to view celestial objects and for an aid to his study 
of astronomy. It is his desire also to make this observatory a means of awaken- 
ing an interest in this noble science among the people of his city and of contribut- 
ing towards a popular knowledge of the subject. There has been, it is believed, no 
telescope in Duluth or its vicinity larger than 31-inch and these with a tripod 
mounting and moved by hand, so that this larger and clock-driven instrument, 
suitably housed, will go toward filling a want in the community. 

The site is about 325 feet above Lake Superior and 927 feet above sea level. 
It is not far from the business portion of the city and the harbor but the prevailing 
winds are such that smoke from mills, elevators, etc., does not reach the observa- 
tory. Weather records show that an average of about one third of the days are clear, 
one third are cloudy, and one third are partly cloudy. Air conditions appear to be 
fairly good as far as can be judged from a number of years use of a 31-inch tele- 
scope. The electric lights of the city are liable to interfere some with the seeing, 
but probably not to a serious extent. 

The objective was made by the John A. Brashear Co. of Pittsburgh. As far as 
can be judged from tests made by an expert optician and by the owner, it is of ex- 
cellent quality. 

The mounting is by Wm. Gaertner & Co. of Chicago, this firm being the con- 
tractor for the entire telescope. It seems to be well designed and up-to-date, and 
the workmanship and finish first class. An 8-day clock mounted in the pillar gives 
sidereal time and also moves a graduated dial for use in setting the telescope to 
the right ascension of an object. This is found very convenient. For present pur- 
poses no separate clocks are required. The clock error is determined by comparison 
with local mean time by means of a pocket watch, the error of which is found by 
comparison with the Government time ball or with Western Union clocks giving 
Central Standard Time. Allowance is made for local longitude. Preliminary val- 
ues for latitude and longitude are: -+-46° 46’ 47” and 6" 8™ 27°. 

The telescope has an attachment for supporting a photographic plate holder or 
a spectroscope. 

Plans for the building were prepared by Richard E. Schmidt, Garden & Martin 
of Chicago, except that the plans for the dome were prepared by the owner. The 
building is wooden with exterior stucco finish and the interior with southern pine. 
A waiting room 16ft. by 16 ft. is heated by gas radiators, contains book shelves 
and other furniture. Here visitors are shown lantern slide views, with explanatory 
remarks, of some of the principal objects to be viewed later through the telescope. 
This it is found aids the visitor in understanding the object when it is seen tele- 
scopically. 

The basement has a lavatory, a photographic room (not yet equipped), and a 
larger unfinished room which can be used for a workshop or other purposes. Light- 
ing wires are brought in from the street through an underground conduit. Three 
other conduits were laid at the same time through which telephone and telegraph 
wires can be brought if desired. 
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The dome is 19 feet in diameter. It has a steel frame covered with galvan- 
ized iron of number 22 gauge. The shutter opening is 4 feet wide. The shutter is 
of the type used at the Dearborn and the Cincinnati Observatories, with a few 
modifications which are believed to be improvements. The dome is carried by 12 
trucks and is revolved by a wire cable and a small winch which is turned by hand 
with a crank. 

An outside door has been built in the lower part of the tower, on the ground 
floor, opening to the east, to provide for a future transit room if needed. The tele- 
scope pier is hollow, and the interior space has been designed so that it may be 
used for a clock vault. 

The observatory is located on city property, in an unimproved park. Permis- 
sion was given to use this site on condition that the observatory should be open to 
the public at such times and under such conditions as the owner might deem prac- 
tical and advisable. The owner will endeavor to arrange in some way for the con- 
tinued maintenance and use of the observatory after he has done with it, possibly 
by the High School, or the State Normal School located in Duluth, or by the city 
direct, so that it will remain a permanent city institution. The cost of the observ- 
atory has been a little more than $11,000. 


THE DEMON-STAR., 


Lo, Algol burns bright 

In the sullen blue night— 
Grim ‘Al Ghoul’ the Saracens named: 

The ‘Demon-Star’ red 

Whose black-arts struck dread 
Wherever his Evil Eye flamed. 

What winking and blinking 

To set the wise thinking, 
While crowds beat to cover aghast. 

To ward off the curses 

Yon blight-star disperses 
Thro’ all the sidereal Vast! 


But years have rolled by, 
And Science tells why 

We've every good reason to doubt him; 
We've learned that another 
Cold, dark-bodied brother 

In star-kin just circles about him. 
And every so oft’ 
In their sky planes aloft 

That dead world eclipses the star; 
Thus most of man’s terrors 
Are due to his errors 

In not seeing things as they are. 


C. E. BARNS 
Morgan Hill, Cal. 
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